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FOREWORD 


This  interim  propellent  handbook  is  submitted  os  a  special  technical  report 
under  Rockctdyne  G.O.  7170  in  compliance  with  Contract  F04611-67-C-00G6, 
Part  I,  Subline  Item  1AA.  The  effort  under  this  contract  is  being  spon~ 
sored  by  the  Air  Force  Rocket  Propulsion  Laboratory,  Research  and  Tech¬ 
nology  Division,  Aii  Force  Systems  Command,  USAF,  Edwards,  California, 
with  l/ut,  Ralph  Fargnoli  acting  as  the  Air  Force  Project  Officer. 

I 

The  compilation,  analysis,  and  publication  of  the  data  and  information  con¬ 
tained  herein  is  part  of  a  9-month  program  to  provide  a  comprehensive  and 
systemized  compilation  of  the  properties,  handling  procedures,  and  design 
criteria  for  chlorine  trifluoride  and  chlorine  pentaf luoride.  This  interim 
manual  on  chlorine  pentaf luoride  is  designed  to  meet  immediate  industry  and 
government  requirements  until  the  publication  of  the  final  handbook.  The 
final  handbook,  which  is  scheduled  for  distribution  by  31  August  1967,  will 
expand  the  CIF5  data  and  information  contained  in  this  handbook  to  include 
detailed  design  criteria. 

This  program  is  being  conducted  in  the  Chemical  Research  Section  of  the 
Rocketdyno  Research  Division,  with  Dr,  J.  Silverman  serving  as  Program 
Manager  and  Mr.  M.  T.  Constantine  serving  as  Responsible  Project  Scientist. 

The  following  technical  personnel  contributed  to  compilation  and  analysis 
of  the  data  and  information  contained  in  this  handbook:  M.  M.  Williams 
K.  J.  Youel,  D.  Pilipovich,  C.  J.  Rozas,  and  R,  J.  Walter, 

This  handbook  has  been  assigned  the  Rocketdyne  identification  number  R-68O3. 

Publication  of  this  report  does  not  constitute  Air  Force  approval  of  the 
report  e  findings  or  conclusions.  It  is  published  only  for  the  exchange 
cine:  stimulation  of  ideas.  & 


W.  )I.  EBELKK,  Colonel,  US  AT’ 
Chief,  Propellant  Division 
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SF.CTJ.ON  1:  INTRODUCTION 


GENERAL 

During  the  course  of  an  Office  of  Naval  Research  contract  on  basic 
fluorine  chemistry  studies  (Ref.  1)  in  I960,  a  new  fluorine- 
containing  compound  was  synthesized  by  investigators  at  the 
Rocketdyne  Division  of  North  American  Aviation,  Inc.  Sufficient 
quantities  of  the  compound  were  not  readily  available  at  that 
time  to  identify  and  characterize  the  material  unambiguously. 

The  unknown  material  was,  therefore,  designated  as  Compound  A. 

In  1962,  under  Air  Force  Rocket  Propulsion  laboratory  sponsorship 
(Ref.  2),  Compound  A  was  definitely  identified  as  chlorine  penta- 
iluori.de  (C1F,.)  by  the  same  investigators. 

P  liminary  characterization  of  chlorine  pental luorido ,  which 
bore  a  str  ng  chemical  and  physical  resemblance  to  its  lower  inter- 
'.ulopen  hot.,  ogue,  «'  >ritie  trifluoride,  indicated  that  a  signifi¬ 
cant  n  addition  .  .een  made  to  the  small  family  of  dense, 
high-performance ,  s..,i.lt-  iiquid  rocket  oxidizers.  Because  of  the 
potential  useful  less  and  near-term  application  of  this  comp,  ■  ii 
to  rocket  propulsion  systo-.s,  the  Department  of  Defence  accordingly 
supported  contiuu  i«g  ^nvc.  i - nations  wi.g  chlorine  pentaf luoride  to 
complete  the  ciie.n  e.,1  am  physical  characterization  of  the  mat- 
erj  1  and  establish  its  v'  ^ty  in  sum  systems. 

This  hand1'  ok  is  a  current  summary  of  the  engineering  properties 
of  chlorine  pc aca fluoride.  The  material  presented  is  that  which 
has  evolved  Trow  various  engineering  characterization  studies, 
applicab’  •  tendliig  experience,  and  the  chemical  similarity  of 
the  comneonu  to  chlorine  trifluoride.  The  handbook  is  intended 
as  a  g’  :<ie  for  those  involved  in  tl.e  handling  and  application 
of  ihi:3  oxidizer. 
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1 . 2  HANDBOOK  FORMAT 


The  material  contained  in  this  handbook  has  been  organized  into 
seven  sections.  These  are: 


Section  1 
Section  2 
Section  3 
Section  4 
Section  5 
Section  6 
Section  7 


Introduction 

Physico-Chemical  Properties 
Materials  of  Construction 
Hazards 

Safety  Criteria 

Logistics 

References 


Each  soction  is  subdivided  further,  to  permit  the  user  of  the 
handbook  to  obtain  spocific  information  expeditiously.  The  mat¬ 
erial  is  arranged  in  such  a  manner  as  to  permit  convenient  updating 
of  various  sections  as  data  are  generated  from  additional  studies 
in  these  areas. 


The  interest  of  each  individual  user  may  bo  limited  to  spocific 
aspects  of  the  subject  material;  however,  it  is  recommended  that 
personnel  involved  in  CIF^  handling  be  thoroughly  familiar  with 
ail  of  the  material  contained  in  this  report.  Although  evory 
effort  has  boon  made  to  provide  presently  available  information 
on  Cll’j  in  sufficient  detail  for  most  of  the  potential  unors  of 
the  handbook,  size  limitations  of  the  handbook  obviously  preclude 
Inclusion  of  evory  conceivable  detail.  Thus,  for  those  usore  who 
desire  additional  details  on  specific  items,  consultation  of  the 
referenced  publications  is  rocommonded, 

Whorovor  possible,  the  data  and  information  referenced  are  from 
final  roports.  This  was  done  to  eliminate  confusion  in  efforts 
where  progross  roports  included  incomplete  experimentation  and/or 
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analysis  of  the  data.  In  those  efforts  where  a  final  report  has 
not  been  issued,  the  data  were  taken  from  the  latest  progress 
report  containing  pertinent  results. 

because  the  major  portion  of  this  handbook  is  related  to  areas 
of  engineering  interests,  all  of  the  data  are  presented  in  engi¬ 
neering  terminology  (i.e,,  English  unite).  However,  as  a  con¬ 
venience  to  all  of  the  users,  data  in  certain  sections  (notably, 
the  physical  properties  section)  of  the  handbook  are  presented 
in  both  metric  and  English  units.  Where  data  aro  presented  in 
both  units,  the  attendant  discussion  indicates  the  units  of  the 
referenced  work. 

As  a  furthor  convenience  to  the  user,  physical  constants  and 
conversion  factors  are  presented  in  Tables  1  through  3  to  enable 
"the  user  to  convert  the  values  to  his  particular  necdB.  Also, 
because  those  constants  are  presented  to  the  known  degree  of 
significance,  they  can  bo  rounded  to  fit  particular  needs. 
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TABLE  1 

PHYSICAL  CONSTANTS 


Unit  Remarks  Value 


A 

c 

Standard  gravitational 
acceleration 

32.1740  ft/sec* 

980.665  em/eee 

1  atm 

Standard  atmosphere 

’,013,250  dynes/sq  cm 

1  mm  Hg 

Standard  millimeter  Hg 

1333.2237  dynes/sq  cm 

1  cal 

Thermochemica 1  calorie 

4 . 1840  abs  joules 
41.2929  ±0.0020  cu 
cra-atm 

1  cal  (I.  T.) 

International  Stream 
Tables  calorie 

1,000654  thermochem- 
ical  calories 

*0  0 

Ice  Point 

491.6880  ±0.018  R 

273.160  ±0.010  K 

(PV)™  .  <BT)0  c 

Pressure-Volume  product 
for  ideal  gas  at  0  C 

22,414.6  ±0.4  cu  cm- 
otm/g  mole 

2271.16  ±0.04  abs 
joules/g  mole 

R 

Molar  gas  constant 

8.31439  ±0.00034  obs 
joules/K-g  mole 
1.98719  ±0.00013  col/ 
K-g  mole 

82.056/  ±0.0034  cu  cm- 
atm/K-g  mole 

59.47  cu  ft-atm/il-ib 
mole 

10.73  cu  ft-poia/R-lb 

mole 

1  Btu 

1053.040  obs  joules 
252.161  thermochemica 1 
calories 

251.996  I.  T.  calories 

1  in.-* 

United  States  unit 

2.54000508  cm 

1  It 

United  States  unit 

30.4800610  cm 

1  lb 

Avoirdupois 

453-5924277  g 

1  gol 

United  States  unit 

0.133680555  cu  ft 
3785.43449  cu  cm 

Note:  Compiled  by  Roesini,  F.  D,  et  ol,  American  Petroleum  Institute 
Research  Pro.iect  44.  U.S.  Department  of  Cotranerce.  Natl.  Bur. 
Standards,  Circular  461,  U.S.  Government  Printing  Office, 
Washington,  D.  C.  194?. 
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grains 


square 

square 

square 


TABLE  2 

CONVERSION  FACTORS 


Tempera  ure 

C  +  273.16  »*  K 
F  +  459.58  *»  R 
(C  x  1.8)  +  32  «  F 
(F  -  52)/1.8  -  C 
K(l.d)  *  R 

Pressure 

atm  x  14.69618  *  psi 
nan  Dg  x  0.00151579  ■  atia 
mm  Hg  x  0.019337  “  pai 
g/aq  cm  x  0.00096784  «  atm 
g/sq  cm  x  0.0142234  ■  psi 
bars  x  0,98692  =  atm 
bars  x  14,504  ■  pei 
megabaryes  x  1  »  bars 

Mass 

(mass)  x  0.002204622  =  pounds  (mass) 
Length 

centimeters  x  0,393700  =  inches 
centimeters  x  0,032808  =  feet 

Area 

centimeters  x  0.15500  =  square  inches 
centimeters  x  0,0010764  =  square  feet 
feet  x  144  =  square  inches 
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TABLE  2 
(Continued) 


Volume 

cubic  centimeters  x  0.061023  »  cubic  inches 
cubic  centimeters  x  3.531445  x  10-5  »  cubic  feet 
cubic  inches  (U.S.)  x  5.78704  x  10'4  «.  cubic  feet 

Time 

eeconds/60  ■  minutes 
seconds/3600  =  hours 
seconds/86,400  =•  days 

Force 

dynes  x  0.00101972  -  grams  (force) 

grems  (force)  x  0.00220462  -  pounds  (force) 

Density  and  Specific  Volume 

(g/cu  cm)  x  62.43  =  lb/cu  ft 
(cu  cm/g)  x  0.016018  =  cu  ft/lb 

Surface  Tension 

(dynes/cm)  x  6.8523  x  10~5  *  .lbf/ft 

Thermodynamic  Properties 

(col/g  mole)  x  1.8  *  Btu/lb  mole 
(cal/g  mole-  K)  x  1  =»  Btu/lb  mole  -  II 
(Btu/lb  mole)/mol.  wt  =■  Btu/lb 
(Btu/lb  mole-  R)/mol .  wt  =  Btu/lb  -  H 
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TABLE  2 
(Concluded) 


Viscosity 

centipoisea  x  0.672  x  10  ^  ■  lbf/ft-sec 

centiatokes  x  1.076  x  10  =  sq  ffc/aec 

(kinematic  viscosity)  x  (density)  ■  (absolute)  viscosity 

Thermal  Conductivity 
(cal/ctn-occ-C)  x  241.8588  =  Btu/ft-hr-F 

Velocity  of  Sound 
(m/sec)  x  3.28083  =  ft/aec 
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SECTION  2:  PHYSICO-CHEMICAL  PROPERTIES 

GENERAL  DESCRIPTION 

Chlorine  pentaf luoride  (CPF,  Compound  A,  Fluoridyne)  is  a  halogen 
fluoride  having  the  empirical  formula  CLF,-.  The  color  of  the 
propellant  is  white  in  the  solid  state,  water-white  in  the  liquid 
state,  and  colorless  in  the  gaseous  state.  The  odor  has  been 
described  as  both  sweet  and  pungent,  similar  to  fluorine,  chlorine 
trifluoride,  chlorine,  or  mustard.  It  is  insensitive  to  mechan¬ 
ical  shock,  nonflammable  in  air,  and  exhibits  excellent  thermal 
stability  over  its  entire  liquid  range. 

Chlorine  pentaf luoride  can  be  a  hazardous  propellant  because  of 
its  toxicity  and  reactivity.  The  greatest  hazard  of  the  propel¬ 
lant  lies  in  its  reactivity;  it  reacts  with  the  vast  majority 
of  organic  and  inorganic  compounds  and,  under  proper  conditions, 
with  most  common  metals. 

Chlorine  pentaf luoride  boils  at  approximately  7  F  and  has  a  vapor 
pressure  of  approximately  49  psia  at  68  F.  As  a  result,  refrigera¬ 
tion  is  not  required  to  keep  the  propellant  in  the  liquid  state 
in  conventional  moderate-pressure  vessels.  When  stored  and/or 
transferred  in  clean,  dry,  compatible  systems,  by  properly  trained 
personnel,  chlorine  pentaf luoride  does  not  present  a  serious 
storage  or  handling  problem. 


PHYSICAL  PROPERTIES 

Selected  physical  properties  of  chlorine  pentaf luoride  have  been 
defined  in  a  number  of  experimental  and  analytical  investigations. 
Nominal  values  for  various  phase,  thermodynamic,  transport,  and 
electromagnetic  properties,  that  have  been  recommended  as  the 
most  representative  of  the  existing  data,  are  summarized  in 
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Table  4  .  The  recommended  data  were  selected  from  those  studies 
in  which  the  sample  composition  was  s98  w/o  CIF^.  All  of  the 
presented  data  are  direct  experimental  determinations  or  are 
derived  from  curve-fits  of  the  experimental  data,  except  for 
those  data  referenced  with  an  asterisk;  the  starred  data  are  cal¬ 
culations  made  during  the  refer*  ^ed  work  based  on  standard  ana¬ 
lytical  correlations  and  physical  relationships.  The  absence  of 
data  on  a  particular  property  is  denoted  by  blank  spaces. 

Properties,  for  which  property-temperature  relationships  have  been 
established,  are  noted  in  Table  k  with  a  figure  number.  The 
values  listed  at  a  nominal  temperature  were  established  from  their 
respective  property-temperature  plots.  These  graphical  illustra¬ 
tions  (Pig,  1  through  io)  represent  either  curve-fits  of  the  best 
available  experimental  data  or  analytical  estimations  of  the  prop¬ 
erty;  curve-fits  of  experimental  data  are  noted  with  a  solid  line, 
while  a  dashed  line  designates  calculated  data.  Equations  repre¬ 
senting  the  curve-fits  over  the  noted  temperature  ranges  are 
included. 

The  origin  of  the  selected  data  is  referenced  in  Table  4  and  in 
each  individual  figure.  A  brief  discussion  of  the  available  data 
for  each  property  is  presented  in  the  following  paragraphs. 


2.2.1  General  Identification 


The  physical  classifications  under  general  identification  are  those 
properties  that  are  used  to  identify  a  particular  substance  and 
its  physical  state. 


2. 2. 1.1  Molecular  Weight.  The  molecular  weight  of  chlorine  pentaf luoride 

was  experimentally  determined  by  vapor  density  measurements  as  a 

means  of  preliminary  identification  of  C1F_  (Ref.  3  ).  The  result- 

5 

ing  experimental  value  of  128  compared  favorably  to  that  value 
(130.5)  calculated  from  the  International  Atomic  Weights  in 

conjunction  with  the  molecular  formula. 

10 
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2.2, 1.2  Freezing  Point.  Experimental  measurements  on  a  C1F,.  sample  of 

>99  w/o  purity  (Ref, 3 )  established  a  freezing  point  of  -103  *4  C, 
A  freezing  point  of  -96  C  was  measured  on  a  CIF^  sample  of  —96  w/o 
purity  (Ref .  4  ) . 


2.2. 1.3  Normal  Boiling  Point.  The  normal  boiling  point  (equilibrium 
vapor  pressure  of  760  ns  Hg)  of  an  "ultrapure"  (>99.9  w/o  GIF,.) 
sample  of  CIF^  was  experimentally  measured  as  -13.7  C  (Ref.  5). 

Boiling  points  of  -13.1  C  (Ref.  6),  -13.6  (Ref.  3  )»  '-*nd  -18,1 
(Ref.  4  ),  were  calculated  from  equations  representing  experi¬ 
mental  vapor  pressure  measurements  on  less  pure  C1F,.  samples.  j 

\ 

i 

2.2. 1.4  Critical  Properties.  The  C1F,.  critical  point  was  experimentally  I 

determined  as  143  *0.5  C,  771  paia,  and  0.565  gm/cc  (Ref.  6).  j 

4 

2.2.2  Phase  Properties  j 

I 

j 

Those  properties  of  GIF,.,  which  are  associated  with  one  particular  j 

phase  (either  solid,  liquid,  or  gas),  have  been  grouped  as  phase  j 

i 

properties.  ’= 


2. 2. 2.1  Deneity .  The  saturated  liquid  density  of  CIF^  has  been  established 
from  -80  C  to  the  critical  point  as  a  result  of  two  experimental 
efforts  (Ref,  3  and  6).  These  data,  which  are  shown  in  Fig.  1 
and  iA,  were  curve-fitted  from  -80  C  (-112  F)  to  99  C  (210  ?)  with 
the  following  equations: 


'Wcc)  ■  5-553  -  1.396  *  10-%)  + 


4.565  X  10“5T^2  -  6,3111  X  lo'8!^5 


(K)' 


11 


CONFIDENTIAL 


and 


'’(lb/ft5)  ■  221’8  "  *  ‘""'V)  h 

87.9b  %  10"5T,r;2  -  67.56  *  i<r8T 


Liquid  density  measurements  were  also  conducted  from  0  to  70.5  C 
on  a  C1F,.  sample  of  unreported  purity  (Ref.  7  ),  and  from  -77  to 
27.5  C  on  a  C1F,.  sample  of  ~96  w/o  purity  (Ref.  4  ),  Density 
equations  representing  these  data  are: 

‘Woo)  ■  1-”2  -  5-71  -  1<rV) 


and 


'Woe)  ■  1-776  -  51  -  “%) 

No  density  data  have  been  reported  for  the  solid  and  gas  phases 

of  ClFr. 

5 


2. 2. 2. 2  Vapor  Pressure.  Vapor  pressure  measurements  on  C1F,-  have  been 

conducted  by  a  number  of  investigators  (Ref.  3  ,  4  and  6  through 
8).  The  recommended  data,  which,  are  shown  in  Fig.  2  and  2A 
are  a  correlation  (Ref,  6 )  of  the  results  from  two  (Ref.  3  and  6) 
of  these  studies.  Equations  representing  these  data  from  -80  0 
(-112  F)  to  the  critical  point  are 


log  P 


(atm) 


4.6029  -  1197/T 


(K) 


and 


'■>«P(p.i.)-  5.770!  -275.. 6/T(B). 
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With  the  exception  of  measurements  conducted  on  C1F,.  of  *J)6  w/o 
purity  (Ref.  4),  all  of  the  reeults  from  the  other  studies  were 
in  good  agreement  with  the  selected  data. 


2. 2. 2. 3  Surface  Tension.  The  surface  tension  of  GIF,,,  which  was  experi¬ 
mentally  determined  over  a  temperature  range  of  -50  to  25  C 

(Ref.  6),  is  shown  in  Fig.  3  and  3A.  The  equations  representing 
these  data  are 

y(dyn.B/cja)  ’  57.949  - 

and 

y(?b/ft)  ■  3.9708  r  10~5  -  0.55058  x  10~5T^. 

2. 2. 2. 4  Coefficient  of  Thermal  Expansion.  No  data  xie  available  on  th>, 
i  coefficient  of  thermal  expansion  of  Cli4,.. 

2.2.2. 5  Coefficient  of  Compressibility.  The  adiabatic  compressibility  of 
liquid  CIF,-  was  calculated  from  experiaer+el  sonic  velocity  and 
density  data  on  the  saturated  liquid  (Ref.  5  )■  Graphical  rep¬ 
resentations  of  these  data,  shown  in  Fig.  4  and  4A  ,  can  be 
described  by  the  following  equations: 

S  (atm-1)  *  1,1565  x  ^  +  1,5942  x  1961 (C)  + 

1.2708  x  10~8T(C)2  +  1.4680  x  lO"10*^5  + 

9.6855  x  10-15T(c)4 


13 


,.  'A' 


CONFIDENTIAL 


and 


$ 


(psi  ) 


6,4065  x  10  +  4.0065  x 


10“8T 


<f: 


1,4103  X  10~10T^2  +  9.0915  X  10-l3l(p)3  + 

6.2782  x  10'15T^p^4 


An  empirical  relationship  based  on  a  common  molecular  parameter 
was  used  to  calculate  the  isothermal  compressibility  (Ref,  6). 
These  data  were  corrcoted  (Ref.  9  )  and  expanded,  and  the  results 
are  presented  in  Fig,  5  and  5A, 


2.2. 2,6  Inert  Gaa  Solubility.  Current  experimental  measurements  on 

gaeoous  solubility  in  C1F,.  havo  resulted  in  an  averago  dif¬ 
ferential  solubility  value  of  ~3,0  x  10“^  lb  N^/lb  ClF^-psi  at 
120  F  (Ref.  lo).  These  measurements  are  being  extended  to  other 
temperatures  and  to  tho  determination  of  helium  solubility  in 

cif5. 

2,2.3  Thermodynamic  Properties 

The  properties  of  C1F,.  which  define  energy  changes  in  the  physical 
transitions  through  the  various  solid,  liquid,  and  gas  states, 
as  well  as  in  chemical  changes,  ore  classified  under  thermodynamic 
properties , 


2.2. 3-1  Heat  of  Formation.  The  heat  of  formation  of  liquid  C1F,.  has  boon 
established  by  the  Joint  Army-Navy-Air  Force  (JANAF)  Thcrmochomical 
Panel  as  -60.5  *6.0  keal/molo  at  298  K  (itof.  IT-).  This  value  rep¬ 
resents  an  averago  of  A  Hp  values  resulting  from  experimental 
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measurements  of  the  heats  of  reaction  (Ref,  3  )  of  C1FP  with 
gaseous  E^  and  gaseous  NH^  and  the  heat  of  hydrolysis  in  the 
presence  of  hydrazine  hydrochloride  (Ref.  12), 

2. 2. 3. 2  Heat  of  Fusion.  There  are  no  available  data  on  the  heat  of  fusion 
of  ciry 

2. 2. 3. 3  Heat  of  Vaporization,  A  C1F,.  heat  of  vaporization  valuo  of  5*313 
kcal/mole  was  calculated  from  the  Clapeyron  equation  UBing  the 
selected  vapor  pressure  data  (Ref.  6  ). 

2. 2. 3* 4  Heat  Capacity.  The  heat  capacity  of  saturated  liquid  ClFf.  has 

been  experimentally  determined  during  two  different  studies  over 
temperature  ranges  of  -50  to  50  C  (Ref.  6  )  and  -72.9  to  -31.0  C 
(Rof.  13).  The  data  from  tho  first  study  (Ref.  6  )  was  analyt¬ 
ically  re-evaluated  and  corrected  during  a  subsequent  study 
(Ref,  14).  Although  thcro  ore  unexplainable  discrepancies  between 
the  two  different  sots  of  data,  the  data  ovor  the  larger  tempera¬ 
ture  range  were  arbitrarily  selected  as  the  recommonded  values. 
These  data,  which  are  shown  in  Fig.  6  and  6a.  ,  are  dofined  with 
the  following  oquations  (Ref,  14): 

C  (cal/ga-K)  »  1.0847 

0.3595  x  10-'*T(k)2 
and 

Cfl(Btu/lb-R)  -  1,0847  -  0,5290  x  10"2T^  + 

0.1110  x  I0"'*T^2  -  0.7389  x  10“8T^3 

No  data  have  boon  generated  on  tho  heat  capacity  of  solid  or 
gaseous  CIF^, 
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-  0,9522  x  10  T-  i  + 


-  0.4309  x  10"7T(k)3 
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2.2.4  Transport  Properties 

AH  properties  of  CIF^  that  involve  the  transfer  of  mass  or  energy 
at  the  molecular  level  are  presented  in  the,  following  paragraphs. 


2.2.4. 1  Viscosity.  The  recommended  viscosity  data  for  saturated  liquid 

C1F_  are  a  correlation  (ReT.  14)  of  experimental  data  resulting 
5 

from  two  different  studies  (Ref.  6  and  13)  with  overlapping  tem¬ 
perature  ranges.  The  equations,  which  describe  the  data  shown 
in  Fig,  7  and  7A,  are: 

log7?(c  j  -  -1.62875  +  335.636/t 

V/n-».c>  ■  -4.80138  .  60i..l45A(B) 

Although  no  viscosity  data  are  available  on  gaseous  C1F addi¬ 
tional  efforts  are  in  progress  (Rof .  10)  to  expand  the  liquid 
data  to  higher  temperatures  under  both  saturated  and  pressurized 
conditions . 


2. 2. 4. 2  Thermal  Conductivity.  Although  no  experimental  data  are  available, 
the  thermal  conductivity  of  liquid  ClFr>  has  been  estimated  using 
a  technique  described  by  Weber  (Ref.  15).  This  technique  relates 
thermal  conductivity  to  density  and  heut  capacity  through  the 
following  equation: 

1/3 


K 


3.59  x  10"3Cp  0 


(H) 

V 


where 


K  =>  thermal  conductivity 

Cp  «  heat  capacity 

p  =  density 

M  =  molecular  weight 
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Using  experimental  density  data  (Ref.  6  )  and  heat  capacity  data 

(Ref.  14),  the  thermal  conductivity  of  C1F  was  calculated  from 

5 

-50  (-58  F)  to  50  C  (122  F)  and  is  graphically  illustrated  in 
Fig.  8  and  8A  . 


2. 2. 4. 3  Velocity  of  Sound.  Experimental  sonic  velocity  measurements  have 
been  conducted  in  saturated  liquid  C1F,.  from  -77.1  to  68.7  C 
(Ref.  10).  A  curve-fit  of  the  data,  shown  in  Fig.  9  and  9A  , 
resulted  in  the  following  equations: 

c(m/aec)  "  1755  ~  4t074T(K)  +  5'936  1  10‘4t'  2 


and 


l(K> 


“(ft/.ec)  '  5758  '  7'426T(B)  *  6011  *  10_'t(b)2 


Sonic  velocity  measurements  were  also  conducted  in  liquid  C1F_ 
wader  total  pressurizations  (with  gaseous  nitrogen)  of  500  and 
1000  psia  (Ref,  10)  over  temperature  ranges  of  -73.5  to  69.2  C 
and  -27.0  to  16,8  C,  respectively.  These  data,  in  which  certain 
anomalies  were  apparent  (Ref.  10),  were  curve  fitted  with  the 
following  equations: 

At  500-psia  pressurization  (199.7  to  342.4  K) 

'  1967  '  5-869T(K)  *  4’126  * 
while  at  1000-psia  pressurization  (246.2  to  2y0,0  K) 


W»«)  "  TOO -3.1331(0 


No  sonic  velocity  data  are  available  for  the  gaseous  C1F,.  state. 
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2.2.5  Electromagnetic  Properties 

The  electrical,  magnetic,  and  electromagnetic  (optical)  properties 
have  been  grouped  as  "Electromagnetic  Properties."  These  proper¬ 
ties  generally  are  related  to  the  electronic  structure  of  the 
atoms  in  contrast  to  the  transport  properties  which  involve  only 
molecular  movement. 


2.2. 5.1  Index  of  Refraction.  No  data  are  available  on  the  index  of  re¬ 
fraction  of  solid,  liquid ,or  gaseous  CIF^. 

2.2. 5.2  Dipole  Moment.  No  data  are  available  on  the  dipole  moment  of  CIF^. 

2.2. 5. 3  Dielectric  Constant.  The  dielectric  constant  of  liquid  C1F,.  was 
measured  from  -80  to  -17  C  (Ref.  6  ).  A  curve-fit  of  the  experi¬ 
mental  data,  shown  in  Fig.  10,  can  be  expressed  by  the  following 
equation: 

f  =  -0.015  T^^  +  3.08 

The  dielectric  constant  of  gaseous  CIF^,  experimentally  measured 
at  ~10  megacycles,  23.9  C,  and  746.5  am  Hg,  was  1.00279  ±0.00007 
(Ref .  6  ) . 

2.2. 5-4  Electrical  Conductivity.  The  specific  conductivity  of  liquid 

-9  -1  -1 

C1F,.  was  found  to  be  <1.3  x  10  ohm  cm  over  a  temperature 
range  of  -80  to  -17  C  (Ref.  6  ).  The  value  at  -17  C  (l,4  F)  was 
0.45  x  10  ^  ohm  *cm”*  (mho/cm). 


2.2.5. 5  Magnetic  Susceptibility.  No  data  are  available  on  the  magnetic 
susceptibility  of  CIF,^. 
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iquid  Chlorine  Pentaf luoride 


Figure  1A.  Density  of  Liquid  Chlorine  Pentafluoride 


Figure  2.  Vapor  Pressure  of  Chlorine  Pentaf luoride  (Ref.  6) 
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Figure  4A.  Adiabatic  Compressibility  of  Chlorine  Pentaf luoride  (Ref.  5) 
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TEMPERATURE,  C 

Figure  5,  Isothermal  Compressibility  of  Chlorine  Pentaf luoride 
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ISOTHERMAL  COMPRESSIBILITY,  PS! 
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Figure  5il.  Isothermal  Compressibility  of  Chlorine  Pentafluorido 
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VISCOSITY,  CENTI  POISES 
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TEMPERATURE, C 


Figure  7»  Viscosity  of  Chlorine  Pontafluoride  (lief.  14) 
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Figure  8A..  Thermal  Conductivity  of  Chlorine  Pentaf luoride 
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TEMPERATURE,  C 

Figure  9-  Sonic  Velocity  of  Chlorine  Pentaf Inor ide  (Kef .  10  ) 
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Fignre  9A-  Sonic  Telocity  of  Chlorine  Pentsf Inoride  (Ref.  10) 
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10.  Dielectric  Constant  of  Chlorine  Pentaf laoride  (Hef,  6  ) 
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2.3  CHIMICAL  PROPERTIES 

The  chemical  characterization  of  C1F-  has  been  conducted  by  a 

5 

number  of  investigators  with  various  objectives.  A  primary 
effort  (ftef.  8)  was  directed  toward  definition  of  the  chemistry 
of  C1F,.  in  relation  to  its  use  as  a  propellant  to  provide  a  sound 
basis  for  future  operational  propellant  handling  procedures.  Other 
investigators  (Ref,  6  and  13)  have  contributed  toward  the  defi¬ 
nition  of  chemical  properties  through  propellant  characterization 
and  engineering  studies.  A  less  extensive  study  (Ref.  16)  lias 
provided  additional  solubility  and  chemical  reactivity  data,  while 
various  other  investigators  (Ref.  17  through  32)  have  contributed 
to  the  chemistry  of  C1F,.  through  attempted  synthesis  of  new  com¬ 
pounds  using  ClFj.  os  a  starting  or  immediate  compound.  The  re¬ 
sults  of  these  studios  ore  atnmnarized  by  various  classes  of  ele¬ 
ments  and  compounds  in  Table  3.  Although  the  more  interesting 
features  regarding  C1F,.  chemical  reactivity  are  presented  in  the 
following  paragraphs,  more  detailed  data  from  these  studies  can 
be  located  in  the  appropriate  references. 


2 . 3 > 1  Reaction  with  Nontransition  Metals 


Results  of  reaction  studies  between  C1F-  and  the  nontronsition 
metals  (Groups  IA,  IIA,  and  IIIA  of  the  Periodic  Table)  indicate 
the  apparent  nonreoction  of  A1  powder,  Mg  powder,  and  Re  chunks 
at  150  C  over  0  16-hour  period. 


2,3.2  Reaction  with  Transition  Metals 

Reaction  studios  of  ClFr  with  the  transition  metals  indicate  that 

5 

some  correlations  con  bo  established  botweon  the  completeness  or 
degree  of  roactivity  of  tho  transition  metals  and  the  volatility 
or  melting  point  of  the  resulting  fluoride.  Transition  metals 
that  form  volatile  or  low  melting  fluoridou  react  completely  at 
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130  C  (and  many  react  at  ambient  temperature).  For  example, 
vanadium,  niobium,  mol, '>dcmy&,  tantalum,  and  tungsten,  all  of 
which  form  fluorides  melting  below  120  C,  react  completely  at 
ambient  temperature.  Titanium  reacts  more  slowly  under  similar 
conditions.  Transition  metals  (Cr,  Mn,  Co,  Ni,  Pd,  Pt,  Cu,  Zn, 
and  Cd),  which  are  least  reactive  with  CIF^  in  studies  to  150  C, 
all  form  fluorides  with  melting  points  above  850  C. 

2.3.3  Reactions  with  Noametala  and  Metalloids 

The  reactions  between  nonmetala  or  metalloids  and  C1F,.  appear 
to  be  typical  for  the  action  of  interhalogen  fluorides  in  general 
toward  these  reagents.  All  physical  states  of  graphite  react  at 
ambient  temperature.  The  extreme  reactivity  of  activated  charcoal 
is  attributed  to  the  high  concentration  of  organic  material  nor¬ 
mally  found  in  charcoals. 


2,3.4  Reaction  with  Metal  Oxides 

For  the  most  part,  the  reactivity  of  metal  oxides  with  C1F,.  is 
similar  to  the  reactivity  of  the  parent  metal.  For  example,  tho 
nontransition  uaetal  oxides  (BeO,  MgO,  A1„0„,  PbO,  and  Bi^O  )  are 
unreactive  to  150  C.  This  relationship  is  also  generally  observed 
with  transition  metal  oxides  with  two  notable  exceptions:  HgO 
and  CrO^.  Both  Cr2 0^  and  CrO^  react  completely  at  150  C  although 
chromium  metal  is  unreactive  under  tho  same  conditions.  These 
data  suggest  that  the  formation  of  a  stable,  fluoride  ooating 
ie  not  tho  only  criterion  for  nonreactivity  of  a  material  with 
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2.3.5  Reaction  with  Water 


Under  carefully  controlled  conditions  (and  excluding  metal),  the 
reaction  of  C1F,.  with  H^O  occurs  according  to  the  following 
equation: 

C1F.  +  2H„0 - ►FC10ft  +  4HF 

With  a  local  excess  of  water  (in  the  presence  of  metal  which  pro- 
vides  a  surface  to  catalyze  the  decomposition  of  FClOg)  the 
reaction  apparently  occurs  as  follows: 

3C1F5  +  7H20 — - ►2C102  +  FC10?  +  9HF 

It  is  apparent  from  the  second  equation  (which  represents  normal 
reaction  conditions)  that  ClOg,  an  unstable  and  ;.,tremely  sensi¬ 
tive  species,  is  normally  produced  during  the  hydrolysis  of  CIF,.. 

Water  in  the  form  of  metal  fluoride  hydrates  reveals  no  difference 
in  reactivity  with  respect  to  the  products  formed. 


2,3.6  Reaction  with  Hydroxides 

The  reactivity  of  basic,  neutral,  and  acidic  hydroxides  toward 
CIF^  is  similar  in  thet  DF  and  0 2  are  formed  in  all  cases.  The 
formation  of  Cl^  and/or  C102  from  these  reactions  is  a  result  of 
the  degradation  of  CIF^.,  except  in  the  casos  of  NagB^O^*  lOIIgO 
and  NagSiO^^HgO,  The  initial  reaction  of  hydroxides  appears  to 
be  the  formation  of  HF,  Chlorine,  generated  from  the  decomposi¬ 
tion  of  C102,  accounts  for  the  formation  of  Ca(0Cl)2  in  the 
reaction  of  C1F,.  and  Ca(01l)2  as  follows: 

2C102 - **C12  +  202 

2C1„  +  Uc{(«itl0 - **Ca(oei)„  +  2IIC1 

<*  a  «£ 
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Similar  chlorination  reactions  also  probably  occur  in  other 
C  IF  (.-hydroxide  reactions. 


2.5-7  Reaction  with  Solvents 


Chlorine  pentaf luoride  compatibility  and  solubility  studies 
(Ref.  8  )  with  hydrogen  fluoride  and  halocarbon-base  solvents 
indicate  Freon  11,  Freon  115  and  Hooker  Fluoride  Oil  are  compat¬ 
ible  and  miscible  with  CIF^  at  ambient  temperature.  At  -50  C, 
however,  Freon  113  ia  not  miscible.  The  tertiary  amine,  (C^F^)^, 
and  the  cyolic  perf luoroethers,  FC-75  and  FC-77,  are  miscible 
with  CIF-  in  50  m/o  mixtures  at  ambient  temperature.  At  -50  C, 

5  in 

no  solubility  la  apparent  with  the  tertiary  amine.  No  F  ex¬ 
change  is  apparent  .  ••  the  halooarbon  solutions  at  27  C.  Anhydrous 

HF  will  difr./olve  6  m/o  ‘.  -VK  at  -38  C  and  greater  than  13  »/o  at 
iv  " 

0  C,  No  F  exchange  is  observed  in  the  HF-C1F^  system  which 
preoludos  «tv  appreciable  solvent-solvent  interaction  and  par¬ 
ticularly  excludes  tie  equilibrium: 

OlFj  +  HF  H  +  CIF6' 

Chloroform  and  carbon  tetrachloride  both  react  slowly  with  C1F,. 
at  ambient  temperature  to  form  Clg  and  CFCl^.  In  addition  to 
these  products,  the  reaction  wth  chloroform  also  forms  CHClgF, 
CflgFg,  and  CF^.  Beacuse  of  this  reaction,  no  C1F,.  solubility 
data  arc  available  with  CCl^  and  CHCl^. 


2.5.8  Miscellaneous  Reactions 

The  chemical  reactivity  of  C1F,.  with  a  number  of  reagents  encom¬ 
passing  additional  categories  of  compounds  are  also  presented 
in  Table  5  .  These  include  metalloid  oxides,  nonmetal  oxides, 
salts  of  oxyacids,  halides,  borides,  carbides,  nitrides,  sulfides, 
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Lewis  acids  and  bases,  etc.  Because  the  chemistry  of  these  sys¬ 
tems  are  of  special  interest  to  a  small  minority  (for  example, 
the  interaction  of  C1F_  with  Lewis  acids  is  only  of  academic 
interest),  investigators  interested  in  the  descriptive  aspects 
of  these  reactions,  such  os  characterization  and  properties,  should 
refer  to  the  cited  original  sources. 

Prom  a  practical  point  of  view,  engineer,,  (or  chemists)  will  not 
encounter  the  problem  of  "treating"  these  miscellaneous  reagents 
with  C1F,..  Should  a  special  situation  develop,  again  the  original 
literature  should  be  consulted. 
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TABLE  5 


REACTIVITY  OF  ELEMENTS  AND  COMPOUNDS  WITH  CLF_ 

5 


Material 

Test 

Temperature 

Results  and  Products 

Reference 

Number 

Metals  and 

Metalloids 

Li  (chunk) 

Ambient 

Reaction:  LiF,  Clg 

8 

Be  (chunk) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

• 

Mg  (powder) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Ca  (chunk) 

Ambient 

No  reaction 

8 

150  c 

Partial  reaction:  flaking 

8 

of  CaF„ 

£ 

B  (granular) 

Ambient 

Reaction:  HF^,  Clg 

8 

A1  (powder) 

Ambient 

No  reaction 

8 

150  c 

No  reaction 

0 

In  (Powder) 

Ambient 

No  reaction 

8 

150  C 

Extensive  surface  attack 

8 

and  film 

Go  (wafer) 

Ambient 

Reaction:  GeF^ 

g 

Su  (powder) 

Ambient 

No  reaction 

8 

150  C 

Reaction:  SnF^,  Clg 

8 

Pb 

Ambient 

No  reaction 

8 

150  C 

Surface  attack 

8 

As  (chunk) 

Ambient 

Reaction:  AsF,.,  Clg 

8 

Sb  (chunk) 

Ambient 

Reaction:  SbF_,  ClF.^SbF* 
5  4  0 

8 

Bi  (powder) 

Ambient 

No  reaction 

8 

150  C 

Surface  attack 

8 
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TABLE  5 
(Continued) 


Material 

Test 

Temperature 

Results  and  Products 

Reference 

Number 

Transition 

Series 

Cu  (wire) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Zn  (granular) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Ti  (chunks) 

Ambient 

Slow  reaction;  complete 
reaction  in  1  week: 

TiF4,  Clg,  coating 

8 

150  C 

One-half  reaction  in 

1  day 

8 

V  (granular) 

Ambient 

Reaction:  Clg 

8 

Cr  (chunks) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Mn  (chips) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Fe  (powder) 

105  c 

No  reaction 

8 

150  C 

Reaction:  FeF^,  Clg 

8 

Co  (rod) 

Ambient 

No  reaction 

8 

(powder) 

150  C 

No  reaction 

8 

Ni  (sheet) 

Ambient 

No  reaction 

8 

Transition 

150  C 

No  reaction 

8 

5d  Series 

Ag  (reagent- 
grade  shot) 

Ambient 

No  reaction 

8 

(electrolytic 

plate) 

150  0 

Severe  surface  attack: 
A«F,  Clg 

8 

TABLE  5 
(Continued) 


Test 

Reference 

Material 

Temperature 

Results  and  Products 

Number 

Transition 

Metals  4d. 

5d  Series 

Cd  (rod) 

Ambient 

No  reaction 

8 

Zr  (chunks) 

Ambient 

No  reaction 

8 

150  C 

Surface  darkened 

8 

Nb  (powder) 

Ambient 

Reaction:  Clg 

8 

Mo  (strips) 

Ambient 

Reaction:  MoFg,  Clg 

8 

Pd  (sheet) 

Ambient 

No  reaction 

8 

150  C 

Slight  tarnish 

8 

Au  (sheet) 

Ambient 

No  reaction 

8 

150  C 

Surface  tarnished 

8 

He 

Ambient 

Reaction:  HgF2,  HgClg 

8 

Ta  (strips) 

Ambient 

Slow  reaction:  CIFy  Tap,- 

8 

130  C 

Reaction:  purple  coating 

8 

W  (powder) 

Ambient 

Reaction-  WF^,  Cl^ 

8 

Pt  (wire) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Nonmetalo 

C  (Lampblack 
Raven-30 

Ambient 

No  reaction 

8 

1-Percent 

Volatiles) 

150  C 

Partial  reaction:  Clot 

CF4,  CF^Cl  2 

8 

Si  (chunks) 

Ambient 

Reaction:  SiF^,  Clg 

8 

Graphite 

Ambient 

Partial  Reaction:  absorp- 

8 

(powder) 

tion  into  lattice:  no  CF,  , 

°h 

»HW)ji!H|i  * nwtx  •  wW**** 1r r w  •  ■  •  •'’•WW  r. *W*r r  «fl*l S*W'W' 
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TABLE  5 

(Continued) 


Material 


Nonmetals 


Test 

Temperature 


Ambient 


-88  C 


Results  and  Products 


No  reaction 
No  reaction 
Partial  reaction: 

cif3  +  f2 

Partial  reaction: 

BrF^  +  Cl2 

Reaction:  IF^,  C1F,  CIF^ 

No  reaction:  homogeneous 
mixture 


Reference 

Number 


Homogeneous  mixture 


230  to 
430  C 


No  reaction 


No  reaction 


No  reaction 


Ambient 


No  reaction 


-93  to 
-53  C 


No  reaction 


Reaction:  Bolid  (complex) 


-78  C  No  reaction 

-183  C  Solubility  of  solid 

C1F,.  <  0,1  percent 

-78  C  No  reaction 

Ambient  No  reaction 

300  C  No  reaction 

No  reaction:  some  decom¬ 
position  of  O^F^ 
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TABLE  5 

(Continued) 


Teat 

Ref  erence 

Material 

Temperature 

Results  and  Products 

Number 

Nonmetals 

Ho0  (90 

-78  C 

Violent  reaction: 

17 

percent) 

ClOjP,  cio2,  o2 

(98  percent) 

-78  C 

Violent  reaction: 

17 

CIO^F,  C102,  02 

Metal  and 

Metalloid 

Oxides 

Na  o„  (powder) 

Ambient 

No  reaction 

8 

z  z 

100  C 

Reaction:  C1F.J,  FC102,  <>2 

8 

KOg  (powder) 

Ambient 

Reaction:  C1F,,  FC10  ,010^ 

8 

BeO  (powder) 

Ambient 

Slight  reaction 

8 

150  C 

Slight  reaction:  FCIO^ 

8 

MgO  (powder) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

CaO  (powder) 

Ambient 

Complete  reaction:  02>  Clg 

8 

Ca02  (powd«?r) 

Ambient 

Complete  reaction:  Og,  CIF^ 

8 

BaO  (powder) 

Ambient 

Reaction:  FC10  ,  0  ,  Cl0, 
C102  bit 

8 

Ba0o  (powder) 

Ambient 

No  reaction 

8 

100  C 

Reaction:  0^,  Cl2,  C102 

8 

(powder) 

Ambient 

Reaction:  BF_,  0  ,  Cl  , 

FC10,,  BF7  j  z  j 

V  k 

8 

Alo0^  (activated] 

Ambient 

Reaction:  FCIO^,  Cl^ 

8 

AlrtO_  (vacuum 

Ambient 

No  reaction 

8 

baked) 

150  C 

No  reaction 

8 
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TABLE  5 
(Continued) 


Test 

Ref  erenee 

$ 

Material 

Temperature 

Results  and  Products 

Number 

Metal  and 

\l 

l 

1  Fit  f 

s 

p 

Alo0  (fused; 

Ambient 

No  reaction 

8 

* 

^  Uicalux) 

150  C 

No  reaction 

8  1 

SnO  (powder) 

Ambidnt 

No  reaction 

8 

* 

.’50  C 

Reaction 

8 

SnCL  (powder) 

Ambient 

No  reaction 

8 

r 

150  C 

Slight  reaction 

8 

T- 

PbO  (powder) 

Ambient 

No  reaction 

8 

150  C 

Slight  reaction 

ii 

PbO^  (powder) 

Ambient 

No  reaction 

8  -  i 

f 

150  C 

Complete  reaction 

8  j 

1  ' 

Pb3°4 

Ambient 

Complete  reaction: 

ci2,  o2 

8  ^ 

! 

* 

As  0  (powder) 

Ambient 

Complete  reaction: 

8  i 

L’ 

^  J 

Asof3,  ci2,  o2 

a 

£ 

As  0_  (powder) 

Ambient 

Complete  reaction:  Clg, 

8  i 

§ 

02,  nonoxidized  solids^ 

1 

\ 

i 

Sb  0  (powder) 

Ambient 

Complete  reaction:  0o, 

S*) 

8 

? 

solids 

t 

Sb  0  (powder) 

Ambient 

Complete  reaction:  0A, 

8 

r 

solids 

£ 

Bio0  (powder) 

Ambient 

No  reaction 

8 

150  C 

Slight  reaction 

8 

s 

Transition 

Metal  Oxides 

:  J 

Cu2° 

Ambient 

No  reaction 

8 

\ 

150  C 

No  reaction 

8 
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TABLE  5 

(Continued) 


Test 

Reference 

Temperature 

liesults  and  Products 

Number 

Transition 

Metal  Oxides 

CuC 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Ag  2° 

AmK’.ont 

Reaction:  FC109>  C10_, 

8 

02,  Cl2,  AgF 

ZnO 

Ambient 

No  reaction 

8 

150  C 

Slight  reaction 

8 

CdO 

Ambient 

No  reaction 

8 

150  C 

Slight  reaction 

8 

HgO 

Ambient 

No  reaction 

8 

Ambient 

Reaction:  C10o,  CiO^F, 
CIO^F  *  * 

18 

150  c 

•• 

Incomplete  reaction i  FC10-, 
C1F?,  ClOg 

8 

TiO 

Ambient 

No  reaction 

8 

150  c 

Slight  reaction:  0  ,  Cl  , 
FC102,  TiF4  1 

8 

v  O 

Ambient 

No  reaction 

0 

-  5 

150  C 

Complete  reaction:  0~, 

ci2,  cio2 

8 

0r2°3 

Ambient 

No  reaction 

8 

150  C 

Extensive  reaction:  C10„, 
FClOg  * 

8 

CrO 

Ambient 

Comolete  reaction:  CrO  F  , 

8 

-> 

FC10r  Cl2,  02  *  Z 

MoO, 

Ambient 

Complete  reaction:  FC10_, 

8 

ci2,  o2,  fcio2,  cio2  > 

MnO^  (pokier) 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 
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TABLE  5 
(Continued) 


Test 

Ref erenC' 

Material 

Temperature 

Results  and  Products 

Number 

Transition 

Metal  Oxides 

FeO 

Ambient 

No  reaction 

8 

150  C 

Reaction:  019,  FC10  , 

02  5 

8 

Feo0_ 

Ambient 

No  reaction 

8 

2  3 

150  c 

Reaction:  C 1  ^ FCIO^ 

8 

Co~0 

Ambient 

No  reaction 

8 

2  3 

150  C 

No  reaction 

8 

NiO 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

Ni2°, 

Ambient 

No  reaction 

8 

150  C 

No  reuction 

8 

Nonmetal 

Oxides 

CO 

Ambient 

Complete  reaction:  C0Fo, 
C0C1F 

8 

co„ 

Ambient 

No  reaction 

8,  1 

Si02 

-20  C  and 
ambient 

C1F5,  Cl2,  SiF4-,  Si02,  02, 
C102,  C120,  C10F 

16 

(quarts:) 

Ambient 

No  reaction 

8 

(325-mesh) 

Ambient 

No  reaction 

8 

Ambient 

Reaction 

18 

140  C 

No  reaction 

31 

250  C 

Reaction:  SiF, ,  C1F  ,  i 

°2>  C102F 

31 

NO 

Ambient 

Complete  reaction: 

FNO  +  Cl2 

8 

•T- 


,'V 


CONFIDENTIAL 

TABLE  5 
(Continued) 


Material 


Test 

Tempera ture 


Results  and  Products 


£ 

Water  and 

| 

Metal  Fluoride 

Hydrates 

| 

KF-2H20 

Ambient 

C10o,  FC10rt,  FC10„ 

*  *  j 

8 

MgFo-xH20 

Ambient 

(partial 

C102,  FC1C2,  fcio^ 

8 

i. 

reaction) 

V  \ 

i- 

HgO  (50-percent 

-30  C 

FC10 

8 

solution  in  HF 

2 

i 

with  all  Kel-F 

| 

sya  tern) 

# 

CrF  *3  1/2  HgO 

Ambient 

C102,  FdOy 

8 

r 

* 

CuF2-2H20 

Ambient 

C102,  fcio2,  fcio3 

8 

HgO  (liquid) 

Ambient 

Vigorous  reaction 

13 

V 

r 

H^O  (vaPor) 

Ambient 

Vigorous  reaction:  CIO^F, 
CIO^F,  HF  * 

13 

H2° 

Ambient 

Violent  reaction 

18 

» 

i’ 

% 

h2° 

0  C 

HF,  Cl2,  HClO^,  02 

16 

V- 

f 

k 

Hydroxides 

X 

Ca  (0H)2  - 

Ambient 

02,  Cl2,  FC102,  CaF2, 

8 

* 

C1F5(1) 

Ca(C10)2 

| 

Ca(0H)2  - 

Ambient 

o2,  ci2,  fcio2,  fcio3, 

8 

«F3(g) 

CaF2 

% 

b(oh)3 

Ambient 

o2,  ci2,  HF'3 

8 

t 

NaB, fi  .  10H„ 0 

*  i  t—i 

Ambient 

02,  HHF30H,  WaBF4, 

8 

1 

HC1 (hydrated) 

| 


i 

i 

f 

l 
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TABLE  5 

(Continued) 


1 

T«'flt 

Reference 

Material 

Temperature 

Results  and  Products 

f  umber 

Hydroxides 

ai(oh)3 

Ambient 

02,  C102>  !''CK:,  aif3 

6 

Na+C02(0H)'‘ 

Ambient 

NaF,  02>  CFV  C."3C1:  Clg 

8 

(cp3)2  c(oh)2 

Ambient- 

cf2o,  rv4,  ayu,  C102 

8 

oF3'jo(oa) 

-23  « 

0?>  FC102>  CF3CF0 

8 

25  C 

o2,  fcio2,  cf3cfo, 

(cf3co)2o 

8 

Na2Si03-9H20 

Ambient 

02,  Na2SiF6,  HC1  (hydrated) 

8 

NO  (OH)  (70 
percent) 

Ambient 

o2,  ci2>  cio2,  fcio2,  no2 

8 

k+po2(oh)2 

Ambient 

02,  Clgi  C102,  fcio3>  kpf6 

8 

po2(oh) 

Ambient 

o2>  C102>  FC102,  pf5,  pof3 

8 

HP0(0H)2 

Ambient 

°2’  C12'  P0F3 

8 

Ce^CsO^OH)^ 

Ambient 

02,  C102,  so2f2,  sf6> 

8 

solids 

so2(qh)2 

Ambient 

o2,  cio2,  so2f2>  sof4 

8 

CIO  (OH)  (72 
percent) 

Ambient 

02,  Cl2,  C102,  fcio3 

8 

Salta  of 

Oxyoren  Acids 

N«  CO 

Ambient 

No  reaction 

8 

i  y 

100  C 

Reaction:  0o,  Cl  ,  CF., 
cf3ci,  N&F  i  Z  * 

8 
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TABLE  5 
(Continued) 


Test 

Reference 

Material 

Temperature 

Results  and  Products 

Number 

Salts  of 

Oxyiren  Acids 

NaN02 

Ambient 

Reaction:  NO,,,  FNO, 

FN02,  FC102,  Cl2,  NaF 

8 

NaNO^ 

Ambient 

Reaction:  FN02,  FClOg 

8 

®*5H>s 

Ambient 

Reaction:  0,,,  Cl 2>  CIO,,, 
CaF2,  Ca(PF6)2 

8 

Na2S2°3 

Ambient 

No  reaction 

8 

150  C 

Reaction:  0,,,  Cl,,,  CIO,,, 
S02F2>  SF6,  NaF 

8 

Na2S0? 

Ambient 

No  reaction 

8 

150  C 

Reaction:  Og,  Clg,  ClOg, 
S°2F2,  SF6,  NaF 

8 

kno3 

-78  C 

No  reaction 

17 

k2so, 

Ambient 

No  reaction 

8 

130  C 

Reaction:  02,  C10o,  S0oF2, 

sf6,  kf,  kcif4 

8 

KC103 

-78  to  -27  C 

Limited  reactions:  FClOg 

17 

Ambient 

lloaction:  02,  ClOg,  FC10o, 
FClOj i  KC1F4 

8 

KC10. 

4 

-78  to  -27  C 

Limited  reaction:  FC10o 

17 

Ambient;  150  C 

No  reaction 

8 

K  CrO 

Ambient 

Slight  reaction 

8 

150  C 

Reaction:  02,  C10„,  FClOg, 
FCIO^,  Cr02F2,  KC1F4 

8 

K2Cr20? 

Ambient 

Reaction:  02>  FCIO^, 

Cr02F2,  KC1F4 

8 
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TABLE  5 
(Continued) 


Material 

Test 

Temperature 

Results  and  Products 

Reference 

Number 

Salt,  of 

Oxygen  Acids 

KMnO. 

Ambient 

Reaction:  0^  ,  FClQg, 

8 

CsNO^ 

-78  to 

FMnOy  KF,  KCIF^ 

Slow  reaction 

17 

-25  C 

25  C 

Reaction  completed  after 

17 

LiC  10, 

4 

-78  C 

3  dayst  NO^F,  ClOgF 

Reaction:  LiF 

23,  24 

Lewis  Acids 
and  Bases 

KF 

Ambient 

No  reaction 

8 

150  C 

No  reaction 

8 

CsF 

-76  C  to 

No  reaction 

28,  8 

ambient 

150  C 

No  reaction 

8 

TiF, 

4 

Ambient 

No  reaction 

8 

HP, 

-112  C 

No  reaction 

ft 

O 

J 

Ambient 

Re&rtion 

18 

Ambient 

No  reaction 

27 

ff5 

0  C 

No  reaction 

8 

AsF,. 

0  C 

Reaction:  ClF^AsF^* 

8 

Ambient 

Reaction:  C1F, +AsF-;“ 

4  b 

18  -  24 

SbP. 

5 

0  c 

Reaction:  ClF4+SbFg~.nSbF^ 

8 

375  C 

Reaction:  ClF^SbFg” 

27 

sf4 

Ambient 

No  reaction 

18,  27 

sf6 

Ambient 

No  reaction 

2? 
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TABLE  5 
(Continued) 


1  - 

Material 

Test 

Temperature 

Result.^  and  Products 

Reference 

Number 

Halides  and 
Pseudohalides 

HC1 

Ambient 

Reaction:  HF,  Cl^ 

8 

NaCl 

Ambient 

Reaction:  Clg,  C1F,  NaF 

8 

*cr 

Ambient 

Reaction:  Cl2,  KICl^,  KIFg 

8 

150  C 

Reaction:  Cl9,  IF,.,  KIC1., 
KIF6  254 

8 

KCN 

Ambient 

Vigorous  reaction:  Cl9, 
CF4,  N2,  c;  kf 

8 

Ug(CN)2 

Ambient 

Vigorous  reaction:  Clg, 
C1F,  CF4,  N2,  N2F2,  HgF2 

8 

KOCN 

Ambient 

Reaction:  Og,  Clg,  Ng, 

CF4,  KF,  KC1F4 

8 

NaN^ 

Borides , 
Carbides, 
Nitrides, 

and  Azides 

-150  C 

Violent  reaction:  Cl?, 

NaF,  N9 
* 

8 

CaBg  (techni¬ 
cal  grade) 

Ambient 

Reaction:  Cl0,  BF„,  0„, 
CaF2  *  > 

8 

CaC2 

Ambient 

Slight  reaction:  CF, 

8 

150  C 

Reaction:  Clg,  CF^, * 

CF^Cl,  C,  C«P2 

8 

B.C 

Ambient 

No  reaction 

8 

*4 

150  C 

Slight  reaction:  trace 

CF4 

8 
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TABLE  5 
(Continued) 


Test 

Reference 

Material 

Temperature 

Results  and  Products 

Number 

Sulfides 

and  Azides 

A1  C4 

Ambient 

Partial  reaction:  ClOg, 

8 

(impure  sample) 

FClOy  CFk, 

(appearance  unchanged) 

SiC 

Ambient 

No  reaction 

8 

150  C 

Slight  reaction:  trace  CF^ 

3 

WC 

Ambient 

No  reaction 

150  c 

Reaction:  Cl0,  CF.  ,  CFC1, 
WF6  tty 

Ambient 

No  reaction 

8 

100  c 

Reaction:  CINOg,  Cl2> 

N2,  MgF2,  FN02 

8 

Ca3N2 

Ambient 

Reaction:  C1N02>  Clg,  N2 
CaF, 

8 

ZrN 

Ambient 

No  reaction 

8 

100  c 

C1N02,  Cl2>  N2,  ZrF^ 

8 

CrN 

Ambient 

No  reaction 

8 

150  C 

Partial  reaction:  FNO  , 

C12,  N2,  c,p3  2 

8 

BN 

Ambient 

Reaction:  Cl2,  N2,  BF^ 

8 

NogS  (teohni- 

Ambient 

Reaotion:  Cl2,  SF^, 

8 

cal  grade) 

S0F2>  NaF 
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TABLE  5 
(Continued) 


Material 

Test 

Temperature 

Results  and  Products 

Reference 

Number 

ZnS 

Ambient 

Reaction:  C1Q,  SF,-, 

S0F2,  ZnFg 

8 

COS 

Ambient 

Reaction:  Clg,  C0F2, 

C0FC1 ,  SF4,  S0F2 

8 

A  aide  s  (general) 

-78  C  to 
Ambient 

Vigorouo  reaction 

17 

Solvents 

(cf3)2co 

-80  C 

No  reaotion 

8 

0  C 

Violent  reaction:  02> 

ci2,  cof2,  cf4 

8 

(cf3co)2o 

-60  to  -30  C 

Slight  solubility 

8 

chci3 

Ambi ent 

Slow  reaction:  CHClgF, 
CC1J?2,  CFCly  CF4,  Cl2 

8 

CGh 

Ambient 

Slow  reaction:  CFCl^,  Cl2 

8 

CFC13  (Freon  ll) 

Ambient 

19 

No  reaction:  no  P  exchange 

8 

CF2C12 

-93  C 

Forms  homogeneous  mixture 

16 

(Freon  12) 

Ambient 

Progressive  fluorination 
of  CClgFg  after  10  days 

32 

CC1F_ 

3 

-93  C 

Forms  homogeneous  mixture 

16 

CF4  (Freon  14) 

-128  C 

Solubility  of  solid 

CIF^  <0.3  percent 

16 

cf2cicfci2 

(Freon  113) 

-30  C 

Immiscible 

8 

CONFIG 
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TABLE  5 
(Concluded) 


Material 


Fluorolube  Oil 
(C,F9)3N  (N-43 


Kel  F  Oil 
•  3) 


Test 

Temperature 

Results  and  Products 

Reference 

Number 

Ambient 

19 

No  reaction:  no  F  exchange 

8 

-30  C 

<s. 

Immiscible 

8 

Ambient 

IQ 

No  reaction:  no  F  exenange, 
Miscible  at  50  m/o 

8 

Ambient 

Readily  soluble 

16 

Ambient . 

19 

No  reaction;  no  F  exchange; 
miscible  at  50  m/o 

8 

Ambient 

19 

No  reaction:  no  F  exchange; 
miscible  at  50  m/o 

8 

-38  C 

No  reaction:  6  ny'o 
solubility;  no  F^oxchange: 
solvent  shiit  -  2.6  ppm 

downfield 

8 

0  C 

No  reaction:  >13  m/o 
solubility 

8 

28  0 

19 

No  reaction:  no  F  exchange 

8 

\ 
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CHLORINE  PENTAFLUOREDE  MIXTURES 


A  number  of  propellant  mixtures  and  new  propellant  concepts 
involving  C1F,.  have  been  investigated  under  programs  designed 
to  formulate  new  and  useful  high-energy,  earth-storable  oxidizer 
mixtures.  Organizations  that  have  conducted  experimental 
investigations  of  various  homogeneous  mixtures  with  C1I\., 
include  Aerojet-General  Corporation  (Ref.  33  through  39) > 

Allied  Chemical  Corporation  (Ref.  18),  Monsanto  Research 
Corporation  (lief.  17),  Reaction  Motors  p  division  of  Thiokol 
Chemical  Corporation  (Ref.  7  and  40  through  43),  and  Roclcetdyne 
(Ref.  8  and  45).  In  addition,  Reaction  Motors  (Ref.  43  and  44) 
has  also  investigated  netoregeneous  mixtures  with  C1F,..  For 
the  most  part,  thase  investigations  consisted  of  studies  of 
formulation  compatibilities,  miscibilities,  homogeneity,  and/or 
engineering  properties.  Because  these  studies  are  related  to 
potential  application  of  C1F,.,  brief  summations  of  the  various 
formulations  are  presented  in  the  following  paragraphs. 


2.4.1 


CIF^-CIFt  Mixtures 


A  ClF^-ClF^  mixture  (64  w/o  ClF^)  was  found  to  b*  miscible,  with 
vapor  pressure  data  demonstrating  a  slight  positive  deviution 
from  ideality  at  ambient  temperature  (Ref.  17). 


2.4.2 


ClF„-BrF-  Mixture e 


A  study  (Ref.  17)  of  two  ClF^-BrF^.  mixtures  (42  and  62  w/o  C1F,.) 
indicated  miscibility  and  positive  vapor  pressure  dovintions 
from  ideality,  The  deviations  were  more  positive  with  increased 


C1F_  content. 
5 
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2.4.3  C1F..-FC10..  Mixtures 


Mixtures  of  ClF^-FClO^  were  found  to  be  completely  miscible, 
compatible,  and  insensitive  to  shock  (Ref.  7  ).  The  vapor 
pressures  of  various  mixtures  were  reported  (Ref.  8)  to  have 
slight  positive  deviations  from  ideality  over  a  temperature 
range  of  -46  to  20  C;  very  little  vapor  pressure  deviation  was 
noted  (Ref.  7)  in  an  80  w/o  ClF^-20  w/o  FCIO^  mixture  from 
-23  to  25  C. 


2.4.4  ClF„-XeF^  Mixtures 
- 5— -—2 — - 

The  solubility  of  XcF^  in  C1F,.,  determined  over  a  temperature 
range  of  0.1  to  41.2  C,  ranged  from  4.68  to  13.3  gia/lUO  gm  C1F,. 
This  low  solubility  limited  future  use  of  this  theoretically 
potential  high-density  impulse  formulation  (Ref.  45). 


2.4.5 


ClF^-XeF^  Mixtures 


Experimental  determinations  of  XeF^  solubility  in  C1F,.  indicated 
that  low  solubilities  (2.92  to  7-92  gm/l00  gm  GIF,.  over  a  tempera¬ 
ture  range  of  4.5  to  45.5  C)  would  prevent  effective  application 
of  this  oxidizer  mixture  (Ref.  45). 


2.4.6  C1F„-0F^  Mixtures 


Mixtures  of  OF^  and  CIF^  were  found  to  be  miscible  at  -78  C, 
but  demonstrated  large  positive  deviations  from  ideality  (Ref . 17  ) 
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4.7  CUE\_-HNF„  Mixtures 

- 5 - 2 - 

A  3  to  1  mixture  of  C1F--HNF.  detonated  within  1  minute  after 

5  2 

mixing  at-120  C  (Ref.  7  ).  However,  it  was  also  noted  (Ref.  46) 
that  very  pure  CIF^  and  HNF^  reacted  smoothly  at  -80  C  to  form 
ClNF^  in  good  yields. 

4.8  ClF_-NF„  Mixtures 

- <5 - ^ - 

Equal  weights  of  CIF^  and  NF^  were  found  to  be  miscible  at  -78  C 
in  glass  capillaries  (Ref.  17). 

4.9  C1F_-N„F;  Mixtures 

- 5-^-2—** - 

ClFj.-NgF^  mixtures  have  been  extensively  studied  by  Aerojet 
(Ref.  33  through  39),  Reaction  Motors  (Re?  7  and  41  through  43)  and 
Rocketdyne  (Ref.  8  and  45)  as  a  primary  candidate  high-energy 
storable  oxidizer  formulation.  Early  studies  (Ref.  7,  8  and  34) 
indicated  reaction  between  the  two  compounds  above  ambient 
temperatures.  Additional  laboratory  investigations  (Ref.  33 
through  45)  confirmed  decomposition  of  the  compounds  in  various 
materials  over  a  wide  temperature  range  and  suggested  that 
decomposition  was  both  homogeneous  and  heterogeneous  in  nature 
(Ref.  45). 

Vapor  pressure  studies  (Ref.  7,  8,  33,  and  41 )  indicated  slight 
positive  deviations  from  ideality  for  various  mixtures  at 
temperatures  from  -46  to  71  C.  Density  determinations  (Ref.  7 
and  33)  resulted  in  experimental  values  slightly  higher  than 
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theoretical  values  based  on  additivity  of  molar  volumes.  Various 
laboratory  sensitivity  studies  demonstrated  the  insensitive 
characteristics  of  various  mixtures  in  relation  to  shock  (Ref.  7), 
rapid  compression  (Ref.  34),  and  gaseous  nitrogen  pressurization 
(Ref.  42). 


2.4.10  C1F_~NF_0  Mixtures 


The  C1F_-NF_0  mixture  was  found  to  be  compatible  and  miscible  in 
5  3 

all  proportions  (Ref.  8);  however,  results  from  vapor  pressure 
measurements  by  various  investigators  were  in  conflict.  Measure¬ 
ments  on  CIF^-NF^O  mixtures  at  -82  and  -97  C  (Ref.  8  )  indicated 
large  positive  deviations  from  ideality;  moderate  positive  devia¬ 
tions  were  reported  at  -70  C  (Ref.  17)  and  room  temperature 
(Ref.  7).  In  complete  disagreement  with  these  data,  strong 
negative  deviations  were  also  reported  (Ref.  18)  for  mixtures  at 
temperatures  up  to  24  C.  The  discrepancies  in  these  data  have 
not  been  resolved. 


2.4.11  C1F_-N„0.  Mixtures 
- 4 - 

was  found  to  be  incompatible  with  C1F,..  Pressures  in  excess 
of  350  psia  were  recorded  after  18  hours  when  a  CIF^-N^O^  mixture 
was  sealed  in  a  Kel-F  tube  at  ambient  temperatures.  Mass  spectro¬ 
meter  analysis  of  the  vapor  phase  revealed  25  percent  Cl^, 

10  percent  SiF^,  5  percent  CIO^,  60  percent  NO^,  NO,  N^O,  and 
NOg  species  and  complete  decomposition  of  ClF,.  in  this  phase 
(Ref.  7). 
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2.4.12  C1F^-C(N02)4  Mixtures 


A  preliminary  experimental  characterization  of  the  CIF^-CLNO^)^ 
system  demonstrated  compatibility  between  two  compounds.  Vapor 
pressure  measurements  at  0  and  20  C  resulted  in  data  very  near 
ideality;  however,  mixtures  containing  more  than  85  percent 
(^(NOg)^  were  solid  at  0  C  (Ref.  8). 


2.4.13  ClF,-FC(NOj,  Mixtures 

The  compatibility  and  miscibility  of  ClF_~FC(N0o)  was  verified 
over  a  C1F_  composition  range  of  40  to  90  w/o.  Vapor  pressure 
measurements  indicate  high  concentrations  of  C1F,.  form  essen¬ 
tially  ideal  mixtures;  however,  mixtures  with  low  concentrations 
of  GIF,,  exhibit  positive  deviations  from  ideality  indicating 
limited  solubility  of  ClF,.  in  FC(N0Q)^.  Mixtures  containing 
equivalent  amounts  of  ClF,.  and  Ft^NOg)^  were  found  to  be  more 
sensitive  than  the  individual  components  (lief.  ~l) . 


o  h  •  1  lx 


;ifc 


-FC(NF^)„  Mixtures 


Binary  mixtures  of  ClF,.  and  FC^NFg)^  were  found  compatible  at 
various  temperatures  to  71  C  (Ref.  7,  8,  and  17).  Although  one 
investigator  (Ref.  7)  reported  the  apparent  immiscibility  of  a 
50-50  mixture  at  0  C  with  solubility  increasing  as  temperature 
increases,  other  investigators  (Ref.  8  and  17)  found  miscible 
mixtures  (including  50  percent  mixtures)  from  -78  to  20  C  and 
slight  positive  deviations  in  vapor  pressure. 
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2.4.13  CltV-C(KF^).^  Mixtures 


Mixture  screening  studies  from  room  temperature  (Ref.  40)  to 
71  C  (Ref.  8  and  43)  indicate  that  ClF,.  is  compatible  and  mis¬ 
cible  with  C(NFg)^.  Vapor  pressure  measurements  (Ref,  4 3) 
indicate  slight  positive  deviations  from  0  to  71  G.  Traussl 
block  sensitivity  teats  (Ref.  40)  gave  positive  results. 


1 


2,4.16  C1?>0F,--C1F,  Mixtures 


Mixtures  of  CUy-ClF^-OF^  ooutaining  OF,,  concentrations  of  2 
and  7  w/o  in  the  liquid  phaso  at  -78  C  showed  large  positive 
deviations  from  ideality  during  vapor  pressure  mnasurements 
(Ref.  17). 


2.4.1?  ClF„-0F„-DrF^  Mixtures 


2.4.18 


Vapor  prcsBuro  nieaaurementu  on  two  ClF^-OF^-UrF,.  mixturoB  at 
-78  C  domonetratod  largo  positive  deviations  from  ideality 
(Ref.  17). 


C1F_-QF^-NF„0  Mixtures 


A 


A  ternary  mixture  of  J?  w/o  C1F--14  w/o  0Fo-39  w/o  NF.,0  oxhibitod 
a  largo  positive  deviation  in  vapor  proaeuro  moasuromonto  at 
-78  C  (Rof.  1?). 
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2.4.19  ClF,~OF„-CF(NFj-  Mixtures 

Ternary  mixtures  of  C1F^-0Fo-CF(NF2)^  exhibited  large  positive 
deviations  in  vapor  pressure  measurements  at  -78  C  (Ref.  17). 

2.4.20  C1F..-0F„«NJF.  Mixtures 

— --y-s— 2— s-y-4 — — . — 

A  ClF^-OF^-NgF^  mixture  of  approximately  equal  ports  was  found 
to  bo  miscible  at  -78  C  in  sealed  Pyrox  glass  capillaries 
(Hof.  17). 

2.4.21  C1F^-FC10^-N..F^  Mixtures 

A  study  of  the  ClF^-FClO^-NgF^  ternary  syatom  demonstrated  the 
compatibility,  miscibility,  and  insensitivity  of  the  system, 

Vapor  pressure  measurements  on  five  different  mixtures  ovor  a 
range  of  -45  C  to  ambient  tempornturo  showed  vory  alight  devia¬ 
tions  from  ideality  (Ref.  7). 

2.4.22  ClF„-FC10--BrF-  Mixtures 

- 5 - 5“ - 3 - 

The  homogeneity,  vapor  pressure,  and  storability  studies  wore 
oonductcd  on  ocvoral  mixtures  of  CIF^,  FXJIO^,  and  BrF,-  (Ref.  47). 
A  52  w/o  ClFj--ll  w/o  FClOj-57  w/o  Ui’F,.  mixturo  wao  homogeneous 
at  -76  C  and  demonstrated  nearly  ideal  behavior  with  respoct  to 
vapor  pressures  to  165  F,  Poeltivo  deviations  wero  found  in 
vapor  pressures  of  a  69  w/o  ClF^-11  w/o  F010,^*-20  w/o  Bi’F,.  mixturo 
during  high  temperature  storago  tosts  at  217  F;  however,  posttost 
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analysis  indicated  this  was  caused  by  the  original  presence  of 
a  noncondensable  gas.  This  particular  mixture  war  completely 
stable  in  type  347  CRES  over  a  period  of  22  weeks  at  this 
temperature. 


2.4.23  ClF..-N:Fj,-C(N0J4  Mixtures 

Reactions,  noted  in  CIF^-N^F^-C^O^  ternary  mixtures,  have  been 
attributed  to  reaction  between  N^F^  and  C1F,.,  Homogeneity  data 
indicate  positive  deviations  in  vapor  pressures  over  almost  all 
compositions  and  temperatures  (0,  45 ,  and  71  C);  the  deviation 
increases  with  increasing  C(N02)4  content  and  decreases  with 
increasing  temperature  (lief.  8). 

2-4.24  ClF^-N^-FClNFj,  Mixtures 

Some  homogeneity  data  have  been  gonerated  for  C1F^-N2F^~FC(NF2)^ 
mixtures  at  low  temperatures;  however,  potential  incompatibility 
and  sensitivity  problems  havo  eliminated  interest  in  these  mix¬ 
tures  (Ref.  8). 

2.4.23  CIF^-rC(NFj„^(N0J4  Mixtures 

The  ternary  system,  ClFg-FC^NF^-^NOg^,  WoB  *ound  to  be  com- 
jiatible  and  stable  at  71  C.  Data  obtained  at  0,  45,  and  71  C 
demonstrated  a  positive  deviation  from  ideality  for  all  composi¬ 
tions  and  temporaturoa  except  for  a  negative  deviation  in  a 
FC(MFg)^-rich  mixture  at  71  0.  The  amount  of  positive  deviation 
incroasod  with  increasing  C(N02)4  contont  and  deoroasod  with 
increasing  temperature  (Rof,  8).  Sensitivity  problems  have  also 
eliminated  interest  in  these  mixtures, 
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2.4.26  CIF^-CTNFJ^-CTNoJ^  Mixtures 

The  compatibility  of  the  ternary  system,  ClF^-C(HF(>)^-0(N02)^ , 
was  examined  in  type  304  stainless  steel  at  71  C,  The  composi¬ 
tion  of  two  mixtures,  68 . 5-5 . 7-25 •  8  and  68,9-7.3-23.6  w/o 
ClFj.-CCNFg^-C^NOg)^ ,  remainod  unchanged  over  a  tost  period  of  5 
days  (Ref.  43).  Interest  in  these  mixtures  has  boon  curtailed  by 
sensitivity  problems, 

2.4.27  CIF^-B^C  Mixtures 

Heterogeneous  mixtures  of  ClF^  and'  B^C  have  boen  investigated  in 
an  effort  to  develop  high-energy  hcterogoneous  monopropellant 
systoms  (Ref.  43  and  44).  Preliminary  thermal  stability  and 
card  gap  sensitivity  tests  on  ClF^-B^C  mixtures  indicated  possible 
stability  and  sensitivity  problems. 

2.3  CHLORINE  PENTAFLUORIDH  GELS 

**  A  variety  of  compounds  havo  been  investigated  as  potential  gelling 
agents  for  C1F,.  (Ref.  17 1  35  through  37 ,  48  and  49).  Actual  C1F,. 
gels  have  boon  formed  through  use  of  30  w/o  calcium  fluoride  or 
9.9  w/o  precipitated  lithium  fluoride  (Ref.  48),  and  10  percent 
Ba(Sbf(j)2  37).  In  addition,  Mends  of  C1F,.  and  CIF^  ( *  50 

percent  C1F,.)  wore  gelled  with  Dn(SbFg)2  (lief.  49). 
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SECTION  3:  MATERIALS  OF  CONSTRUCTION 

3 . 1  MATERIALS  COMPATIBILITY 

The  compatibility  of  CIF^  with  selected  materials  has  been 
experimentally  determined  under  various  conditions  associated 
with  common  utilization  of  materials  in  the  fabrication  and  con¬ 
struction  of  propellant  handling  equipment  and  facilities.  The 
primary  data  presented  in  this  section  are  a  result  of  studies 
(Ref.  3,  6,  9,  13,  16,  and  50  through  52),  that  were,  at  least 
partially  directed  ot  the  examination  of  materials  compatibility 
with  C1F,..  The  results  of  these  studies,  which  were  designed  to 
provide  basic  information  for  the  fabrication  of  test  systems 
as  well  as  to  form  a  basis  for  more  sophisticated  efforts,  are 
presented  in  Table  6.  As  a  supplement  to  these  data,  various 
results  of  the  C1F,.  chemistry  studies  (Table  5)  and  an  experi¬ 
mental  evaluation  of  selected  Atlas  Missile  System  components 
in  C1F,.  service  (Ref,  52)  provido  additional  technology  on 
materials  compatibility. 

The  compatibilities  of  the  various  metals  are  rated  in  Table  6 
from  experimental  data  interpreted  on  tho  basis  of  practical 
experience,  The  test  conditions  aro  described  and  pertinent 
data  are  presented,  Each  individual  metal  was  placed  in  one 
of  four  rating  classifications  corresponding  to  its  compatibility 
under  tho  exposure  conditions  described.  Theso  four  rating  clas¬ 
sifications,  which  are  similar  to  those  used  by  the  Dcfenso 
Metals  Information  Center  (Ref.  53),  are  as  follows) 

1.  Metals  suitable  for  unlimited  use  (after  proper 
material  preparation)  under  the  specified  exposure 
conditions.  Corrosion  rates  aro  less  than  1  mil  por 
year  (MPY).  Typical  use  involves  constant  contact 

with  C1F-. 
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2.  Metals  suitable  for  transient  and/or  limited  contact 
under  the  specified  exposure  conditions.  Corrosion 
rates  are  less  than  5  MPT.  Typical  uses  are  in  hard¬ 
ware  which  handles  the  propellant  intermittent  \v- . 

3.  Metals  suitable  for  momentary  contact.  Corrosion  rates 
are  <  50  MPY.  Prolonged  or  repeated  exposures  should 
be  avoided. 

4.  Metals  unsuitable  for  use  under  any  condition.  Cor¬ 
rosion  rates  are  >  50  MPY. 

The  compatibility  ratings  for  the  nonmetallics  are  based  on  dif¬ 
ferent  standards  but  correspond  on  a  usage  basis  with  the  metals 
classifications.  Definition  of  the  nonmetallic  ratings  are  as 
follows : 


1.  Satisfactory  for  service  under  conditions  indicated. 

No  significant  change  is  noted  in  the  material  or 
propellant. 

2.  Use  witn  knowledge  that  the  material  will  undergo 
slight  changes  in  its  physical  properties.  Slight 
changes  may  also  occur  in  iho  propollant. 

5.  May  be  used  where  moderate  chemical  ana  physical 
degradation  can  bo  tolerated  for  a  short  period. 
Potential  results  from  usage  must  *’e  fully  comprehended. 

4.  Unsatisfactory  for  use  under  conditions  indicated. 

There  is  extensive  or  comploto  physical  and/or  chomical 
breakdown  of  the  material  or  propellant. 

A  general  summary  of  the  results  from  CIF^  materials  compati¬ 
bility  studies  indicates  the  behavior  of  CIF^  with  various 
structural  materials  is  generally  similar  to  that  of  CIF^. 

A  'f  the  motallioB  are  compatible  under  conditions  of  normal 
xposure  to  liquid  and  gaseous  OIF,..  Notable  exceptions  in  the 
nmtuls  tested  are  molybdenum  and  columbium  (niobium),  which 
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undergo  complete  reaction.  Although  tested,  the  compatibility 
of  gold  and  titanium  with  C1F,-  is  still  in  doubt  because  of 
conflicting  results  in  comparison  with  CIF^.  In  addition,  the 
presence  of  moisture  may  have  a  significant  detrimental  effect 
(Aef.  6)  on  the  rate  of  film  formation  or  corrosion  of  the 
metal.  Of  the  metals  tested  under  conditions  oi  moisture  con¬ 
tamination,  only  Eastelloy  C  and  nickel  200  provided  complete 
resistance  to  attack, 

The  number  and  typos  of  compatible  nonmetallic  materials  are 
limited  with  C1F,..  Experimental  efforts  have  shown  that  Ko.l-F 
and  Teflon  plastics,  various  fluorocarbon  oils,  and  some  noted 
specialty  items  are  compatible  under  limited  conditions  (static 
application  over  ambient  temperature  ranges).  Because  very 
little  useful  data  prescribing  the  actual  limitations  of  non¬ 
metallic  use  with  C1F,.  have  been  generated,  proposed  applica¬ 
tions  should  be  experimentally  and  thoroughly  investigated. 
However,  it  should  he  noted  that,  based  on  the  chemical  similar 
lty  between  C1F,.  amd  CIF^  and  the  demonstrated  compatibility  of 
materials  with  CIF^,  the  compatibility  of  any  nonmetallic  with 
ClFj  under  dynamic  conditions  is  highly  suspect. 
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30  to  100  580  I  A  Slight  weight  loss 

160  30  A  Slight  weight  gain 


TABLE  6 
(Continued) 


CONFIDENTIAL 


Reference 

Number 

'OOn'O 

vo  ©VO 

vo  O' VO 

VO  ©vo 

vo  ©vO 

vO  Owe 

VO  ©vO 

a  ®  a 

00  03  01 

«  0) 

a 

w  cd  a 

b>  <3 

to  a 

OD  CD  fl 

03  ®  <H 

03  01  03 

CO  03 

•rt 

CD  03  -H 

CD  *H 

m  p 

CO  «  P 

o  o  <o 

000 

O  O 

<Tt 

C  O  (Tj 

0  0  ij 

4)  O  <S 

0  0  «j 

P  P  hJO 

H  H  H 

P  p 

to 

P  P  fefl 

y)  p  bii 

Kn  p  Kn 

p  p  til 

a 

a 

® 

P  P  P 

P  P  P 

P  P 

P 

p  p  P 

«J  -o  +> 

aj  p  p 

Hi  -p  H3 

X 

X  J3  X 

X  X  X 

43  43 

X 

XXX 

XXX 

XXX 

XXX 

u 

bO  fee  b)D 

W)  bfl  Ml 

60  bd 

to 

SO  «■'  bo 

O  U)  bD 

0  bfi  hp 

bfi  fc*  6D 

a 

•H  -H  *H 

■H  *H  *H 

*H  *H 

*H 

•H  4H  ‘H 

•H  *H 

•H  P 

•H  >H  *rt 

s 

4>  4>  4> 

«  4)  « 

<D  <D 

V  P  <v 

p  <w  p 

P  a»  ^ 

<U  <U  O 

| 

>  >  £ 

*  *  * 

>  > 

;* 

*  ;*  ;* 

X  >  SI 

eC  ^  > 

^  ^ 

•P  X  X 

X  X  X 

P  P 

P 

p  p  p 

•H  p  p 

•H  P  P 

•fJ  P  P 

p  »£J  43 

x  X  x 

43  XI 

X 

XXX 

4>  XX 

O  X  X 

©  x  x 

m  h®  hQ 

Ml  bO  bo 

00  M 

bD 

3«  M>  to 

bo  to  be 

•H  »rt  *rl 

•rl  >H  -H 

>H  *H 

■H 

•H  *H 

-H  P 

*H  *H  *rt 

P  p  P 

H  H  H 

P  p 

P 

P  P  p 

O  P  P 

P  P  P 

M  W  01 

Vi  Vi  Vi 

3 

S 

CO 

Vi  cn  tn 

35  w  cn 

Z  W  M 

cn  cn  cn 

bfi 

•H 

1 

«!«!««! 

«)  "H 

H(j  <J 

«3  <j  «ij 

<j  -aj 

-a*  <J 

oj  <1  <U 

♦» 

4»  05 

©  ©  © 

OOO 

O  O 

© 

OOO 

O  ©  O 

©  ©  © 

©  ©  © 

a 

mOO  m 

moo  (A 

IA  CO 

in 

moo  m 

m  00  m 

moo  in 

in  00  m 

•H  £rt 
Eh  « 

in 

in 

in 

in 

m 

in 

in 

0) 

Fh 

0 

0 

0 

© 

O 

0 

0 

S3 

m  0 

in  O 

in  0 

in  0 

in  © 

in  © 

in  © 

P 

n-  p 

h-  p 

lNs*  P 

h*  p 

j-^  P 

n«  p 

n*  p 

0 

0 

O 

© 

© 

0 

0 

Vt  Cm 

O  Q  VO 

O  O  vO 

O  O  VO 

0  0  vo 

O  O  VO 

O  O  vO 

O  0  vo 

13 

Z. 

P  P  P 

P  P  P 

P  P 

P 

■P+Irt 

P  P  P 

P  P  P 

P  P  P 

£ 

a 

O  O 

0  0 

0  0 

O  O 

©  © 

©  © 

O  O 

rt 

vO  m 

vo  m 

vo  m 

vd  m 

vo  *n 

vo  m 

vo  m 

o 

5H 

©< 

• 

i  (9 

TA 

D 

*H 

Ah 

•H 

u 

•H 

u 

s 

O 

0 

0 

P 

& 

0< 

eu 

Of 

P4 

& 

£1 

*rl 

<ti 

.aj 

cti 

On 

X 

•3 

£ 

X 

> 

X 

O 

O 

O 

O 

O 

•rt 

'H 

•H 

♦H 

• 

P 

P 

P 

P 

£ 

«J 

P 

3 

$ 

5 

_  _  _ 

VI 

in 

(A 

■ 

cn 

pj 

C< 

'A 


P 

in 

tn 

% 

o 

<n 


in 

tn 

Ch 

P 

<M 

04 


vO 

CO 

o 

m 


r- 

in 

•4< 

in 


79 


CONFIDENTIAL 


swsi**. 


TAB1E  o 


1 


***** 


<u 

o 

a  u 

0)  <D 

U  A 
<D  0 
<h  S 

<3* 


fc® 

a 

■r* 

“S 

PS 


<1>  TO 

■S  & 

Eh  d 


a> 

M 

5 

d 

a>  Pm 

cu 

g 

H 


£ 


rH 

d 


CONFIDENTIAL 


vo  ov  vo  oj 
IA 


o  o 
la  in 


vO  C\  vO  vO  OnvO  vO  Ov  vO^  VO  <7>V0 


®  to  d 

TO  TO  -H 
O  O  d 

H  H  ti 


<0 


a>  o 

2  S’ 

d  (0 
43  43 
o  w 


TO  TO  d 

TO  TO  *H 
O  ©  d 
H  bl) 


to  to  a 

TO  TO  *H 

o  o  d 

H  H  M 


TO  TO  C 
TO  TO  -H 

o  o  aj 

rH  r*H  W) 


TO  TO  d 
TO  TO  -H 
O  O  d 

H  rH  fcjfl 


-P  -p  -P 
43 

bD  ttf  bfi 
•H  *H  »rl 
4>  4J  <D 

^  >  > 


-P 

*8) 


0) 

> 


■p  *p 
43  43 
tt)  b£> 
•H  *H 

Si  Si 


•P  -P  -P 
43  43  43 
tt)  bij  b£» 
•H  *H  ’H 
0)  <1)  0) 


-p  -p  -p 
a  x\  xi 

bp  bP  bP 

•H  *rl  *H 
d>  (V  CD 
*  '*  > 


p>  p  p> 
A  XI  4S 
W>  bi)  fail 
•H  *H  -H 
<D  (D  d) 
>  >  ? 


-P  -P  -P 
,«  ,£!  .C 

WKSD  M 
•H  »H  *H 
<u  <i>  a> 

>  >  » 


p  p  p 

■a-a*a 

•H  *H  ‘H 


-P 

'S 


£.* 


■a -a 


p  p  p 
£  A  3 
bo  bO  bP 
•H  *H  Tl 


P  P  P 

bP  bp  bP 
•H  *H  *H 


P  P  P 
A  43  4l 
bo  bo  bp 

■rl  -H 


-P  -P  -P 
A  43  43 
bD  bfl  b£j 

•H 


CO  CO  CO 


CO 


pH  pH  rH  rH  pH  rH 


COCO  CO  CO  CO  cococo  cococo  cococo 


<{  ■**? 


^  ^  hJ  h<  hJ  <| 


o  o  o 
la  ojma 


rH  rH 
<N  CM 


o  o  o  o  o  o 

IA  CO  IA  KMX)  LA 
IA  IA 


o  o  o  o  o  o 

LA  00  tA  LA  00  IA 
LA  IA 


O 
LA  O 
h-  rH 

o 

O  O  VO 
-P  *P  rH 


o  o 

VO  LA 


•P 

0 

0) 

*H 

43 


VO  CM 
00  LA 
rH 


o 

IA  O 
A*  rH 

o 

o  o  VO 
•P  -P  H 


O 

LA  O 

A-  rH 

o 

O  O  VO 
■P  -P  rH 


O 

LA  O 


O 

o  vo 

-P  rH 


o 

LA  O 
t"»  rH 

o 

o  o  vo 

•P-PH 


o  o 

VO  IA 


o  o 

VO  IA 


O  O 

VO  LA 


O  O 

VO  LA 


U 

ft. 

t2 


U 

o 

a* 

£ 


'H 

O* 

•H 

A 


•rl 

£ 

•M 

A 


u 

o 

04 

£ 


r^ 

•rl 

a 


o 

o. 

£ 


O 

•H 

•P 

d 

•p 

co 


o 

•H 


CO 


♦rH 

■P 

d 

•P 

co 


o 

•H 

•P 

d 

co 


<J! 


r- 

in 

IA 


§ 


VO 


vO 

O 

VO 


vO 

Q 

VO 


IA 

VO 

s 

vo 

O 

vO 


vo 


3 

8 


^0 


80 


CONFIDENTIAL 


;  1 


tm 


tfi  iBIi 


9  STffFJ 


MENTIAL 


<0  G\' sO  N©  v©  On  v©  v©  ©nv©  v©  Onv©  n©  Ov  v© 


a  n  p 

□  n  e 

and 

e  <o  p 

0  w  0 

e  «  d 

•H  CO  -H 

•h  a  -h 

•H  CO  P 

■H  ra  'rt 

■h  m  *h 

P  03  P 

oj  o  a) 

a  o  a) 

m  o  flj 

pop 

etj  o  a 

«5  o  oj 

feC  P  fcj) 

Mh  M 

be  p  be 

(a£  >~h  fci 

bc»-H  be 

e*p  be 

P  P  P 

•p  p  P 

p  p  p 

-P  P  P 

p  p  p 

p  p  p 

43  43  ,d 

S3  Si  Si 

A  43  rd 

J3  ,53  .53. 

43  j3  ,a 

43  43  43 

fctf)  feD  feO 

bD  c£  M 

bO  fee  bO 

bO  bO  b0 

to  be  oe 

be  be  be 

•H  *H  »H 

*H  »H  »H 

*H  -H  *H 

•H  »H  »H 

•H  p  «H 

•H  P  p 

<U  0>  <i> 

a>  <v  a> 

0)  <i‘  D 

d>  0>  4> 

0)  «D  0) 

<D  O  <D 

?  *  * 

*  >  * 

?  >  ) 

>  :*  ;» 

>  £  ? 

NO  ON  n© 


peg 

■H  -H  *H 
id  «  i 
Wl  bD  M 

v  -p  t! 

ss  sa  .a 

Sfl  WD  b» 

P  'H  *H 
G>  £) 

i*  •*  »* 


P  P  p  ri  H  H 

P  rH 

rH 

rH  P 

P 

rH  H  H  rH  rH  »H 

■H  H  P 

CO  CO  CO  CO  CO  CO 

CO  CO 

CO 

e/3  c/> 

CO 

e/3  c/3  c «  e/3  ot  en 

CO  CO  co 

o»  «> 
g 

•H  at 

Eh  A 

o  o  o 
i^eo  k> 

o  o  o 
m  00  m 
in 

o  o  o 
moo  m 
in 

o  o  o 
m  co  m 
in 

o  o  o 
m  oo  m 
in 

o  o  o 
m  oo  m 
in 

©  o 
m  oo 

in 

o 

m 

► 

V 

u 

o 

o 

o 

o 

o 

o 

© 

{ 3 

IT\  © 

in  o 

in  o 

in  o 

in  o 

in  © 

in  o 

P 

N  rH 

r-  p  ^ 

r-  p 

I'-  P 

Is*  P 

r-  «h 

<ti 

O 

o 

o 

o 

o 

© 

o 

M  pH 

o  O  VO 

o  o  vo 

©ON© 

o  o  vo 

O  O  vo 

O  O  NO 

O  O  NO 

V 

P  P  rH 

p  p  p 

•p  P  r-H 

p  p  p 

p  p  p 

p  p  p 

p  p 

p 

d* 

H 

O  © 

o  o 

o  © 

©  o 

o  o 

o  o 

o  o 

§ 

BH 

NO  KN 

vo  m 

vo  m 

vo  m 

v. o  tn 

vo  m 

no  m 

71 

r  M  ik  |r  i  | 

Zlil, 

awi KWlIWUMhd. <*4I I  iiWjflmjg  xjwMm?8 


TAB  IE  6 
(Continued.) 


TABLE  6 


CONFIDENTIAL 


vO  OvO  <0 


vO  0>VO  vo  Ov'O 


S&&  & 


p  44  p 

sss 

s  s  % 

p  P  P 


P  «  P 

a-sa 


>  >  >  * 

44  44  4»  P  ‘n  p 

aaa  ana 

•H  *rt  *H  »rt  »rf 
H  H  H  r»i  O  M 

w  w  w  w  as  w 


o  a  a  m 

•p  •*  .h  m 
«  03  03  O 
«  W  tsfi  «-i 

P  4>  4»  P 

aaa  a 

■H  ‘H  *H  *H 
<L>  4)  4>  4) 

*  *  * 

45  -P  -p 
XI  XI  Ju 

till  u  w 

*H  *H  *rt 

<»<  ^  M 

WWW  w 


•«)«!«!  «)  -t) 


o  o  o  000 

km»A,  in  ®  m 


in  0000 
h-  in  co  m  in 
in 


in  © 

r^i 

o 

o  ©  vo 

J'p"l 


o  O  VO 

p  p  <1 


o 

in  o  in 

r-  m  r- 

I'-  o 

^£>  P  ©  VC>  O 

iW  44  P  M  P 


O  O 

•H  *H 

P  «P 

CO  CO 


h-  o 
-a*  ir\ 
In  tn 

3  3 


30  to  100  380  A  Slight  -weight  gain 

160  30  A  Slight  weight  gain 


CONFIDENTIAL 


84 

CONFIDENTIAL 


*Moist’ai"e  contaminated 


TAEIS  6 
(Continued) 


CONFIDENTIAL 


vO  O  On  O  VO  vo  OnVO 
IA  IA 


a  a 

•H  *H 

&&&’ 

o 

-p  d  *P  • 

ja  ia  a  . 

MOM 
•rt  ‘H  ■ 

ss  * 


H  d  H 

OT  X  w 


w  a  o 

n  .H  rl  +> 

o  a  _  o 

i-t  U)^  « 

41  o  ft 

+>  -p  -p  -rt  a 

J3  ‘H 

1  fell  M  fl  Cl 

•rl  »H  Oj  43 

>  g  S-8  LW  hH 

cd  O  -H  *p 

p  «  <H 

r£l  ,«  P  P  f*> 

)  wj  w  (#  «i  in  -p 

■rt  .H  45  0}  ©  W 

rt  rt  O  #  B  .4> 

w  cn  a  a  «  t  •* 


-«<1  -«*1  •«*«  -^1  ^  -**{  «<! 


•P  -p  -P 

•a -a -a 

■H  *H  ’H 
0)  0>  <» 
>  >  * 

-p  -p  ■+> 

43  XI  xl 
bfl  h0  bO 
•H  *H  'rt 


-«{  -aj  <( 


#•1 

O  HOrtO 
K\  W  00  Cl  m 

in 

©  ©  © 
m  oo  m 

© 

m 

1 

o  o  o 
kA  00  tA 
IA 

p 

in 

r» 

© 

o 

o 

r*l 

<N  O 

o 

LA  O 

A*  rH 

O 

vO 

VO 

O 

IA  O 

H 

O 

a> 

O  00 

O  LAVO 

O  O  vO 

00 

00 

o  o  vo 

‘H 

-p 

© 

'JO 

•U  HH 

o 

IA 

•P  -P  »H 

o  o 

VO  tA 

•P  *P  'H 

o  o 

VO  tA 

'■■, 


&B3 


*Hoistore  contaminated 


(Continued) 


CONFIDENTIAL 


4> 

V 

a  u 

<u  <y 

u 

a 


'•a 


'•O  'jC*  0\'~Q  '-O 


kO  0\v£> 


a 

t 


a> 

« 


0  « 

•H  « 

0  o  v 

mp  |d 

p  p  « 
'H  *rt 

*  te 
P  *H 

_  XI  <1> 

*  b0  > 

»H 

■  ■  •"*  P 
00  rJi  )25 


3 


<*pt 


«* 

<y 

ctj 

P 

P 

o> 

<d 

■2 

* 


0  fl 

0  0 

•H  *rt 

‘rl  p 

«  0  4> 

0  0  4> 

4) 

*- 

wi  »  be 

to  «)  fci 

P 

u 

o 

0 

0 

4> 

9 

p  p  « 

p  P  5 

a 

t> 

ja  a  £ 

xa  xa  Ja 

4> 

0 

W)  Ml  O 

to  be  v 

x 

> 

5  0) 

P  P 

p  p 

V 

o 

£  rH 

at  4)  P 

4>  4>  p 

« 

XI 

o  x> 

>  XI 

*  *  .0 

P 

•H 

bfi 

101 

p 

P  U) 


41  "S  W  i" 


B  P 
o  o 
t/i  a 


to 

w 

0 


p  P 
XI  J3  4» 
M  M  > 
'PI  P 

O 

«  m  a 


p  p  p  0 


•a-a  §£ 

•H 

»-H  »H  O 

co  to  Jz; 


<u 

I 

CO 


0  0  0 
»H  »rt  *H 
<35  0  0 
bfl  fctf  tfl 

P  ^0  p 
±3  XJ 
U)  tj)  ti 
•rf  *H  «H 
<V  O  0» 
3*  >  I* 

P  P  P 
P  XI  XI 
b£  bJD  tb 
•H  *H 
H  H  rl 
CO  CO  CO 


bfl 

n 

♦H 

P 

(3 


*>}  «i  -a!  «;  *4  -a)  m 


■aj  -oj  <i) 


Time , 
Days 

®  ®  © 
toooto 
in 

® 

m 

©  o  ® 
moo  m 
in 

O  O  ® 
in  oo  in 
in 

o 

©  ©  o 
moo  in 

in 

0 

0 

0 

0 

o 

.  ino 

r-f 

o 

« 

© 
in  © 

^  o 

LT\  O 

p 

o 

vO 

75 

100 

0 

O  Q  X> 

O  O  KO 

O  O^o 

oo 

o  o  VO 

04 

0 

01 

P  P  eH 

©  o 
wo  m 

P  P  P 

O  O 

VO  K\ 

P  P  pH 

o  o 
vo  ^ 

P  p  rH 

o  o 
vo 

86 

CONFIDENTIAL 


^Moisture  contaminated 


Exposure 

Temperature,  Time,  Reference 

Material  Type  Phase  F  Days  Eating  Remarks  N"*nber 
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3.2  PREPARATION  OP  MATERIALS 

All  components  of  a  chlorine  pentaf luoride  handling  and/or  stor¬ 
age  system  must  be  properly  prepared  prior  to  installation.  In 
addition,  the  assembled  system  must  be  carefully  dried  and  pas¬ 
sivated.  These  procedures  render  all  surfaces  to  be  exposed  to 
the  propellant  chemically  inert. 

Items  such  as  valves,  pumps,  etc.,  cannot  be  cleaned  in  the 
assembled  state  because  it  is  very  difficult  to  remove  all  con¬ 
taminants  that  might  be  present.  Consequently,  the  cleaning  of 
these  items  must  be  accomplished  before  the  component  parts  are 
assembled. 

The  preparation  of  materials  generally  consists  of  degreasing, 
descaling,  passivating,  and  drying.  The  cleaning  solutions 
utilized  during  these  operations  shall  be  applied  by  immersing, 
epruying,  circulating,  or  any  othor  manner,  as  long  as  the  sur¬ 
faces  to  be  cleaned  are  completely  wetted  in  the  solutions. 

Any  component  which  can  trap  or  retain  liquids  shall  be  drained 
or  emptied  between  applications  of  different  cleaning  solutions. 

All  solutions  shall  be  made  with  distilled,  deionizod,  or  clean 
tap  water  and  all  chemicals  shall  bo  of  chemically  pure  grade 
or  better.  The  water  shall  be  filtered  through  a  40-micron 
nominal-size  filter. 


3.2.1  Degreasing 

Components  fabricated  of  stainless  steel,  copper,  and  aluminum 
alloys  can  be  degreased  by  cold  flushing  or  vapor  degreasing 
with  trichloroethylene,  or  by  flushing  with  a  mild  alkaline 
solution  containing  from  5  to  7  ounces  of  Turco  #4090#  (or 

#Turco  #4090  is  furnished  by  Turco  Products,  Inc.,  6135  So,  Central  Avenue, 
Los  Angelos,  California, 
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equivalent)  per  gallon  of  water  at  140  to  160  F.  The  applica¬ 
tion  of  the  mild  alkaline  solution  shall  be  followed  by  a  thor¬ 
ough  water  rinse . 

Nonmetallic  components,  such  as  valve-stem  packings  fabricated 
of  Teflon,  can  be  degreased  by  immersion  or  scrubbing  with  the 
mild  alkaline  solution  previously  described,  followed  by  a 
thorough  water  rinse. 

Items  such  as  nonmetallic  components  or  simple  components  fab¬ 
ricated  of  machine  metal  stock, which  are  not  to  be  cleaned  any 
further,  shall  be  dried  by  flushing  with  dry,  hydrocarbon-free, 
filtered  nitrogen  gas  or  by  heating  in  an  oven  at  140  to  160  F. 


Descaling 


Newly  fabricated  or  reworked  components  which  have  scale  result¬ 
ing  from  welding  or  heat  treatment,  or  impurities  resulting  from 
casting  or  forging,  shall  be  descaled.  Descaling  solutions 
should  not  be  used  after  precision  machining  unless  tho  finished 
surfaces  are  protected. 


The  descaling  of  stainless-steel  components  is  accomplished 
as  follows) 

1.  Etch  at  room  temporaturc  for  a  period  of  no  longer 
than  60  minutes  with  an  aqueoub  solution  containing 
from  3  to  5  weignt  percent  technical  grade  hydrofluoric 
acid  and  from  15  to  20  weight  percent  technical  grade 
nitric  acid. 

2.  Rinse  thoroughly  with  water  to  removo  all  traces  of 
the  doscaling  solution. 

NOTEi  If  the  components  are  to  be  passivated  immedi¬ 
ately  after  descaling,  they  need  not  be  dried.  Other¬ 
wise,  tho  oompononts  may  be  dried  by  purging  with  dry, 
hydrocarbon-free  filtorod  nitrogen  gas  or  by  heating 
in  an  oven  at  140  to  160  F. 
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Components  fabricated  of  copper  can  be  descaled  as  follows: 

1.  Descale  with  an  aqueous  solution  containing  approx- 
mately  20  percent  (by  volume)  technical  grade  hydro¬ 
chloric  acid,  at  room  temperature,  until  the  surfaces 
are  bright  and  free  of  oxidation. 

2.  Rinse  with  water  to  remove  all  traces  of  the  descal¬ 
ing  solution. 

NOTE:  After  being  descaled,  the  components 
require  no  further  chemicel  treatment.  They 
should  be  dried  by  purging  with  dry,  hydrocarbon- 
free  filtered  nitrogen  gas  or  by  heating  in  an 
oven  at  140  to  160  F. 

The  descaling  procedure  for  components  fabricated  of  aluminum 
alloys  is  as  follows: 

1.  Clean  with  Turco  Smit-Go#  solution  (l  Ib/gallon  of 
water),  or  an  approved  equivalent  cleaner,  until  the 
surfaces  are  visibly  clean  and  shiny. 

2.  Rinse  with  water  to  removo  all  traces  of  the  acid 
solution.  If  the  components  are  to  be  passivated 
immediately  after  descaling,  they  need  not  be  dried. 
Otherwise,  the  components  may  be  dried  by  purging 
with  dry,  hydrocarbon-free,  filtored  nitrogen  gas  or 
by  heating  in  an  oven  at  140  to  160  F, 


3.2.3  Passivating 

The  passivation  procedure  for  components  fabricated  of  stain¬ 
less  steel  is  as  follows: 

1.  Inmoree  for  a  minimum  period  of  30  minutes,  at  room 
temperature,  in  an  aqueous  solution  containing  from 
45  to  55  percent  (by  weight)  technical  grado  nitric 
acid. 

•‘♦Turco  Smut-Go  is  a  chromic  acid  clouner  furnished  by  the  Turco  Products,  Inc.,. 
6135  So.  Central  Avenuo,  Los  Angolos,  California. 
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2.  Rinse  with  water  to  remove  all  traces  of  the  passi¬ 
vating  solution. 

3.  Dry  by  purging  with  dry,  hydrocarbon-free,  filtered 
nitrogen  gas  or  by  heating  in  an  oven  at  140  to  160  F. 

NOTE:  Acid  passivation  of  components  having  polished 
or  lapped  surfaces  may  be  ommitted  if  the  finished 
surfaces  cannot  be  conveniently  protected  from  the 
acid  solution. 


Components  fabricated  of  aluminum  alloys  can  be  passivated  as 
follows: 


1.  Immerse  for  a  minimum  period  of  1  hour,  at  room  tem¬ 
perature,  in  an  aqueous  solution  containing  approxi¬ 
mately  43  percent  (by  weight)  technical  grade  nitric 
acid . 

2.  Rinse  thoroughly  with  water  to  remove  all  traces  of 
the  passivating  solution, 

3.  Dry  by  purging  with  dry,  hydrocarbon-free,  filtered 
nitrogen  gas,  or  by  heating  in  an  oven  at  140  to  160  F. 


Handling 

Items  that  have  been  prepared  for  chlorine  pentafiuoride  ser¬ 
vice  shall  be  handled,  stored,  or  packaged  in  a  manner  to  pre¬ 
vent  recontamination.  Large  components  such  as  valves,  piping 
sections,  tanks,  etc.,  should  have  all  openings  capped  with 
clean,  compatible  materials.  Small  items  can  be  sealed  in 
clean  plastic  bags, 


System  Passivation 

After  the  chlorine  pentafiuoride  system  has  been  assembled 
and  leak-checked,  it  iB  necessary  to  propellant-passivate 
tho  system.  This  is  accomplished  by  introducing  a  small 
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amount  of  chlorine  pentafluoride  vapor  into  the  system.  The 
gaseous  chlorine  pentafluoride  not  only  reacts  with  any  residual 
contaminating  material,  hut  also  slowly  attacks  the  containing 
metal  surfaces  forming  an  inert  metal-fluoride  film. 

The  passivation  of  chlorine  pentafluoride  systems  can  be  accom¬ 
plished  as  follows: 

1,.  Evacuate  the  system  by  means  of  a  fcigh-capacity  vacuum 
pump  for  at  least  2  hours  to  remove  any  volatile  con¬ 
taminant  or  water  vapor  that  might  be  present. 

2.  Place  a  slight  positive  pressure  in  the  system  using 
dry,  hydrocarbon-free  nitrogen  gas. 

3.  Disconnect  the  vacuum  pump,  and  cap  and  seal  the  open 
system  connection. 

4.  Introduce  gaseous  chlorine  pentafluoride  slowly  into 
the  system  until  a  pressure  of  approximately  20  to  25 
psig  is  obtained. 

5.  After  the  gaseous  chlorine  pentafluoride  has  been  in 
the  system  for  approximately  10  minutes,  bleed  the  sys¬ 
tem  slowly  to  ambient  pressure. 

6.  Introduce  gaseous  chlorine  pentafluoride  into  the  system 
until  a  pressure  of  approximately  20  to  25  psig  ie  again 
obtained. 

7.  After  the  gaseous  chlorine  pentafluoride  hat'  been  in  the 
system  for  approximately  6  hours,  bleed  the  system 
slowly  to  a  pressure  slightly  above  ambient. 

After  completion  of  the  seven  preceding  steps,  the  system  is  con¬ 
sidered  passivated  and  ready  to  accept  liquid  chlorine  penta¬ 
fluoride.  Precautions  must  be  takon  to  prevent  the  entry  of 
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moisture  into  the  system.  This  can  be  accomplished  by  using  dry 
pressurizing  gas  and  by  maintaining  a  positive  pressure  in  the 
system  at  all  times. 

NOTE:  Although  it  is  preferable  to  use  gaseous  CIF^  as  the 
passivating  agent,  it  has  been  demonstrated  that  gaseous  CIF, 
is  effective  an  alternative  passivating  material,  if  desired. 
Fluorine  gas  has  also  been  used  as  a  passivating  agent;  however, 
its  effectiveness  is  apparently  less  than  that  of  CIF^  or  CIF^. 
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SECTION  4:  HAZARDS 


4.1  TOXICITY 

4.1.1  Vapor  Inhalation 


Chlorine  pentafluoride  is  a  highly  toxic  compound  and  inhalation 
of  even  dilute  concentrations  must  be  avoided.  Results  of  toxi¬ 
cological  range  studies  with  animals  at  Rocketdyne  (Ref.  54) 
have  shown  a  marked  qualitative  similarity  of  chlorine  penta¬ 
fluoride  to  chlorine  trifluoride  (Ref.  55  and  56)  with  respect 
to  mode  of  attack  and  symptomatology.  It  was  noted  during  these 
studies,  however,  than  because  of  the  apparent  greater  reactivity 
of  chlorine  pentafluoride  with  moisture  in  the  air,  the  end  amount 
of  chlorine  pentafluoride  reaching  the  animal  was  considerably 
less  than  that  of  the  chlorine  trifluoride  using  the  same  initial 
concentrations. 

Until  more  systematic  and  definitive  studies  have  been  conducted, 
the  toxicity  level  presently  utilized  is  that  previously  estab¬ 
lished  for  chlorine  trifluoride  (Ref.  57)-  This  level  is 
expressed  as  a  threshold  limit  value  (TLV)  of  0.1  ppm.  The  TLV 
value  represents  the  average  concentration  over  a  normal  work 
day  to  which  the  average  human  can  be  safely  exposed  on  a  daily 
basis  without  adverse  effects. 

The  odor  threshold  for  chlorine  pentafluoride  vapors  is  very 
low,  but  has  not  been  established  reliably.  However,  personnel 
have  detected  the  presence  of  chlorine  pentafluoride  vapors  for 
short  periods  without  suffering  any  apparent  ill  effects. 

Although  the  propellant  odor  has  been  used  as  a  warning  of  poten¬ 
tial  danger  with  immediate  personnel  protective  measures  (evacu¬ 
ation  of  the  hazard  area  and/or  the  use  of  self-contained  or 
filtered  breathing  air)  required,  it  is  recommended  that  vapor 
detection  devices  be  utilized  in  conjunction  with  an  alarm  system. 
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If  an  individual  is  exposed  to  strong  vapor  concentrations  of 
chlorine  pentafluoride,  he  should  hold  his  breath,  if  possible, 
until  fresh  air  is  reached  or  adequate  breathing  equipment  is 
put  on.  If  the  person  must  breathe  the  vapor,  breathing  should 
be  as  shallow  as  possible.  The  exposed  individual  should  be 
placed  in  the  care  of  an  authorized  physician  as  soon  as  pos¬ 
sible;  in  the  meantime,  first-aid  treatment  can  be  administered 
as  directed  by  the  local  medical  authority.  For  this  purpose, 
it  is  recommended  that  personnel  assigned  to  propellant  handling 
and  storage  areas  be  properly  trained  in  first-aid  techniques. 
These  techniques  must  be  established  only  by  the  responsible 
medical  authority. 

Although  symptoms  of  chlorine  pentafluoride  exposure  have  not 
been  completely  characterized,  preliminary  data  indicate  they 
are  similar  to  those  observed  from  chlorine  trifluoride  exposure. 
Thus,  until  additional  toxicological  studies  have  been  conducted 

with  C1F_,  the  data  available  on  ClF,  should  be  utilized  as  a 

5  3 

guide.  The  synq>toms  of  CIF^  inhalation  will  vary  according  to 
vapor  concentration,  duration  of  exposure,  and  the  individual. 
Exposure  to  olfactory  detectable  concentrations  for  short  periods 
of  time  usually  results  in  watering  of  the  eyes,  dry  throat, 
chest  pain,  and  sometimes  coughing.  Exposure  to  larger  concen¬ 
trations  or  prolonged  exposure  will  result  in  gasping  for  breath, 
swelling  of  the  eyes  and  eyelids,  cloudiness  of  the  cornea, 
lachrimation,  severe  salivation,  coughing,  breathing  difficulty, 
and  possibly  convulsions  or  vomiting.  In  practice,  fatal  con¬ 
centrations  would  be  so  irritating  to  the  eyes  and  respiratory 
tract  as  to  make  the  area  intolerable.  However,  exposure  to 
concentrations  of  50  ppm  or  more  of  chlorine  trifluoride  for 
15  to  50  minutes  may  result  in  subsequent  death. 
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4.1.2  Cutaneous  Exposure 

Chlorine  pentafluoride  is  extremely  corrosive  and  any  contact  of 
the  propellant  with  living  tissue  will  result  in  Bevere  chemical 
burns.  These  deep,  painful  burns  can  cause  serious  tissue  damage 

- ewpexyrully  in  the  eyes.  If  a  person  has  suffered  skin  or  eye 

exposure  to  liquid  or  vaporized  chlorine  pentafluoride,  the 
exposed  areas  should  be  washed  immediately  with  large  quantities 
of  water  for  a  period  of  at  least  15  minutes.  A  continuous  flow 
of  water  should  not  exceed  5  minutes  and  should  be  followed  by  a 
short  rest  interval.  The  affected  individual  should  be  placed 
in  the  care  of  an  authorized  physician  as  soon  as  possible. 
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4.2  FIRE  AND  EXPLOSIVE  HAZARDS 

Preliminary  detonation  sensitivity  tests  (Ref.  3)  indicate  that 
C1F,.  is  insensitive  to  initiation  and  will  not  propagate  a  deto¬ 
nation.  Impact  sensitivity  tests  with  a  modified  JANAF  drop- 
weight  tester  in  dry  nitrogen  and  dry  air  at  liquid  temperatures 
to  0  P  showed  no  evidence  of  detonation  up  to  100  in. -lb,  the 
limit  of  the  tester,  A  modified  cup-in-pipe  test  in  l/2-inch 
GRES  tubing  at  0  F  resulted  in  no  evidence  of  propagation  of  a 
detonation  initiated  by  a  50-gram  Compound  C  charge  and  blasting 
cap . 

Additional  tests  (Ref.  6)  with  the  U-tube  apparatus  demonstrated 
the  insensitive  nature  of  ClFj.  to  adiabatic  compression  stimulus 
over  a  variety  of  selected  "worst  conditions"  (both  air  and  water 
contaminated).  Two  detonation  propagation  tests  in  1-inch-OD 
GRES  tubes  provided  further  verification  that  liquid  GIF,.  will 
not  propagate  a  detonation. 

The  insensitive  nature  of  CIF^  was  also  confirmed  by  a  standard 
Trauzl  block  test  (Ref.  7)* 

The  greatest  fire  and  explosion  hazard  relating  to  the  utiliza¬ 
tion  of  this  oxidizer  is  related  to  its  extreme  reactivity  with 
a  variety  of  materials  commonly  found  in  propellant  handling 
areas  and  systems.  Although  n  ■  .ommable  in  air,  its  oxidizing 
potential  is  sufficiently  strong  to  ignite  and  support  combustion 
with  fuels,  many  common  materials  of  construction,  solvents, 
organic  contaminants  and  residues,  etc.  As  indicated  in  the  sec¬ 
tion  on  chemical  properties,  chlorine  pentafluoride  even  reacts 
vigorously  with  wator. 

The  energy  release  generated  by  these  reactions  is  often  large 
enough  to  initiate  burning  of  other  normally  compatiblo  materi¬ 
als  (such  us  inetul)  with  the  oxidizer.  Explosions  involving 
ehlcrino  pentafluorido  are  usually  attributed  to  the  rapid 
energy  releases  and  attendant  prossure  buildup  in  confined  systems. 
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SECTION  5:  SAFETY  CRITERIA 

5.1  HAZARD  PREVENTION 

A a  described  in  the  Hazards  Section,  spills  and  leakage  of  chlorine 
pentaf luoride  can  result  in  extreme  hazards  to  both  personnel  and 
facilities.  The  best  possible  moans  of  avoiding  these  hazards  is 
elimination  or  minimization  of  the  potential  cause  factors.  Effec¬ 
tive  reduction  of  leakage,  spills,  and  other  potentially  hazardous 
situations  can  be  best  accomplished  by  i.he  use  of  properly  designed 
equipment  and  thoroughly  trained  personnel. 


5,1.1  System  Integrity 

The  importance  of  the  design  integrity  of  tho  propollnnt'B  storage, 
transfer,  and  handling  syetem  cannot  be  overemphasized.  The  sys¬ 
tems  should  be  reliable,  operationally  flexible,  and  easy  to  main¬ 
tain.  Somo  of  the  suggested  dosign  criteria  that  should  be  incor¬ 
porated  in  the  system  are  as  follows; 

1.  Only  materials  of  construction  which  are  definitely  known 
to  bo  compatible  with  the  oxidizer  shall  bo  employod. 

2.  The  systom  shall  be  designed  and  operated  in  such  a  manner 
as  to  prevent  contamination  of  the  system  with  moisture 
and  any  other  known  reactive  materials. 

3.  The  number  of  mechanical  joints  shall  be  reduced  to  a 

■V  , 

minimum,  thus  reducing  the  probability  of  propellant  leakage. 
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4.  The  system  shall  be  designed  to  safely  withstand  the 
maxinun  operating  pressure. 

5.  The  transfer  lines  shall  be  free  of  liquid  traps. 

6.  An  inort-gas  (moisture  free)  system  must  be  provided  to 
purge  the  transfer  lines  without  the  necessity  of  dump¬ 
ing  tho  residual  propellant  or  disconnecting  any  system 
joints. 

7.  The  system  components  must  be  reliable,  compatible  with 
the  oxidizer,  and  properly  serviced  (cleaned  and  passi¬ 
vated)  . 

8.  The  chlorine  pontafluoride  vents  should  be  ducted  together 
and  connected  to  a  vapor  scrubber  or  high  vent  stack. 

9.  Sufficient  remotely  actuated  oontrcl  equipment  must  be 
provided  to  isolate  portions  of  tho  system  during  emer¬ 
gencies  or  components  replacement, 

Tho  continual  observation  of  an  operational  system  for  possiblo 
malfunctions  can  prevent  serious  propellant  spills.  Tho  leakage 
of  chlorino  pentafluoride  is  not  always  apparent  because  its  vapors 
are  colorless.  However,  a  sensitive  halogen  detector  can  be  used 
effectively  to  chock  tho  system  joints  because  a  small  propellant 
leak  yields  high  local  vapor  concentrations.  Thus,  if  a  small  leak 
is  detected,  corrective  action  must  be  token  as  soon  as  possiblo. 
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5.1.2  Trained  Personnel 


Properly  trained  personnel  are  required  to  handle  chlorine  penta- 
fluoridc  safely.  Operating  personnel  should  be  thoroughly  familiar 
with  the  following: 

1.  Tho  properties  of  chlorine  pentafluoride 

2.  Oporation  of  the  transfer  and  storage  system 

3.  Toxicity  and  physiological  effects  of  the  propellant 

4.  Oporation  and  use  of  safety  equipment 

5.  Fire  and  spill  prevention  tocLniquos 

6.  Fire  and  spill  control  measures 

7.  Disposal  and  decontamination  tochniquos 

8.  Local  operating  proooduros  and  regulations 

9.  First  sld  techniques 


No  person  should  bo  allowed  to  handlo  chlorine  pontaf luorido 
unlcas  thoroughly  familiar  with  the  previously  listed  itome  and 

n  nnf  i  /l  ftttv  thftt  +.h  A  T  AH+  AM  l«f  *.14  4-11  4li  « 
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equipment  and  facilities  available.  In  addition,  all  operations 
should  bo  oontrolled  by  a  procedures  oheoklist,  which  has  boon 
prepared  and  thoroughly  chooked  by  personnel  most  familiar  with 
the  potential  problom  aroas. 
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5.2  HAZARD  CONTROL 

Because  the  probability  o f  experiencing  a  propellant  leak  or  epill 
at  some  period  in  itB  utilization  is  always  present,  personnel 
should  be  thoroughly  educated  ae  to  the  potential  effects  and  their 
oontrol.  Although  detailed  hazard  classification  (oause  and  effect) 
and  control  studies  have  not  been  performed  with  chlorine  penta- 
fluoride,  the  general  philosophy  used  thus  far  in  its  handling  is 
identical  to  that  suggested  for  chlorine  trifluoride. 

In  the  event  of  ohlorine  pentaf luorido  spillage  or  fire,  all  per¬ 
sonnel  should  report  to  predesignated  safe  areas  or  emergency 
operating  posts  (usually  positive  pressure  shelters  and/or  upwind 
areas).  Immediate  evaluation  of  the  hassotdou3  situation  is  neces¬ 
sary  so  that  appropriate  oontrol  action  con  be  initiated  in  the 
shortest  possible  time. 

Tho  time  period  between  the  inception  of  the  hazardous  situation 
and  initiation  of  control  aotion  shall  bo  roduood  to  a  minimum. 

This  con  bo  aooomplishod  through  propor  planning,  training,  and 
organization.  The  following  items  snail  be  considered  in  tho 
administration  of  the  storago  and  handling  areas; 

I 

1.  Safe  aroos  and  evacuation  routes  shall  bo  pro-osbablished 
through  cognizaneo  of  local  mctoorology  conditions. 

2.  Only  authorized  personnel  shall  bo  allowed  to  ontor  storago 
and  handling  areas. 

3.  A  minimum  of  two  operating  personnel  shall  woor  protective 
clothing  and  equipment  during  propellant  handling  operations. 

4.  Periodlo  drills  shall  be  performed  to  onuuro  personnel 
profioionoy  during  omorgenoy  operations. 
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Spill  Control 


A  propellant  spill  oan  be  most  efficiently  controlled  by  performing 
the  following  steps  chronologically: 

1.  Stop  the  propellant  handling  operations. 

2.  Isolate  the  propellant  tanks  from  the  transfer  lines  by 
closing  the  necessary  valves  (by  remote  control  if  possible). 

3.  Locate  the  source  of  spill. 

4.  Isolate  the  affeoted  components  by  closing  the  necessary 
valves. 

5.  Dispose  of  the  spilled  propellant. 

The  performance  of  the  first  four  steps  listed  previously  should 
be  automatic  and  can  be  performed  in  a  very  short  time. 

The  disposition  of  the  spilled  propellant  should  not  be  too  diffi¬ 
cult,  especially  when  propellant  handling  is  performed  only  during 
satisfactory  weather  conditions  and  the  first  four  stops  listed 
previously  are  quickly  executed.  The  disposition  method  depends 
greatly  on  the  quantity  of  propollant  spilled,  prevailing  weather 
conditions,  location  of  storage  and/or  handling  area,  etc.  There¬ 
fore,  the  discussion  presented  herein  will  be  limited  to  general 
criteria  which  will  be  applicable  to  most  situations. 

Chlorine  pontaf luorido  spills  can  b.-*  best  controlled  by  allowing 
th©  propellant  to  vaporize.  In  this  case,  a  large  amount  of  pro¬ 
pellant  would  initially  vaporize  (flash)  resulting  in  the  cooling 
of  the  residual  propellant.  Shortly  thereaftor,  steady-state 
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5.2.2 

Q 


vaporization  is  experienced.  It  should  be  noted  that  a  large 
amount  of  toxic  vapors  are  generated  over  a  long  period  of  time, 
thus  dictating  the  need  of  performing  propellant  handling  opera¬ 
tions  during  satisfactory  weather  conditions. 

As  an  alternate  method,  the  spilled  propellant  can  be  deluged  with 
large  quantities  of  water.  In  this  caae,  however,  the  water  reacts 
with  the  propellant  forming  hydrofluoric  acid  and  generating  large 
quantities  of  energy.  This  method  is  not  recommended  for  the 
following  reasons: 

1.  A  large  quantity  of  hydrofluoric  acid  is  formed  which 
might  be  difficult  to  diopose  of  subsequently  because  of 
water  pollution  problems. 

2.  Tho  wator  might  react  explosively  with  the  propellant. 

5.  The  energy  liberated  by  the  reaction  would  cause  rapid 
vaporization  of  the  residual  propellant  which  can  result 
in  prohibitive  vapor  concentrations. 

After  the  spill  is  controlled,  tho  entire  area  must  be  thoroughly 
/Tnn on^ssiiUit cd .  co  lit ftsiijisti ~j  op  tochz*i^^c  s  py$  °Qstod  i.n 

another  section  of  this  document. 


Fire  Control 

Chlorine  pentafluoiide  fires  result  in  the  generation  of  intense 
heat  for  a  short  period  of  time.  Because  the  propellant  fires 
cannot  be  extinguished  efficiently,  if  at  all,  the  fire  control 
techniques  ore  based  on  preventing  facility  damage.  This  is 
accomplished  by  deluging  the  area  with  copious  quantities  of  water. 
Fog-type  water  injection  nozzles  are  particularly  suitable  for 
this  application. 
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The  reduction  or  prevention  of  facility  damage  resulting  from 
fires  can  be  attained  when  the  following  items  are  considered 
in  the  design,  fabrication,  and  operation  of  the  storage  area: 

1.  The  facility  must  be  designed  as  fireproof  as  possible. 

2.  The  area  must  be  maintained  clean,  uncluttered,  and  free 
from  combustible  materials. 

3.  The  facility  must  be  equipped  with  a  properly  designed 
water-deluge  system,  preferably  of  the  fog  type. 

4.  The  storage  tanks  must  be  diked  to  limit  the  potential 
propellant  burning  zone. 

It  is  emphasized  again  that  the  most  important  way  of  preventing 
facility  damage  is  by  preventing  chlorine  pentafluoridc  leaks 
and  spills. 


SAFETY  EQUIPMENT 

The  toxic  and  extremely  reactive  properties  of  chlorine  pcntafluo- 
ride  dictate  the  need  for  adequate  safety  equipment  to  protect 
operating  personnel  and  facilities.  It  should  be  recognized  that 
the  type  of  personal  safety  equipment  recommended  for  a  given 

A 

situation  must  be  consistent  with  the  potential  hazard  extent, 
e.g  ,  liquid  impingement,  vapor  inhalation,  etc.  The  category 
of  safety  clothing  required  for  a  given  job  must  be  specified  at 
the  time  it  is  assigned.  Preferably,  written  job  instructions 
should  be  given  to  ensure  adequate  communication  and  agreement 
between  operating  and  responsible  safety  personnel . 
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Facility  Safety  Equipment 

Equipment  for  facility  protection  shall  consist  of  a  water  deluge 
system  (preferably  of  the  fog  type),  portable  fire  extinguishers, 
and  fire  hoses.  This  equipment  shall  be  strategically  located  and 
easily  accessible.  Other  facility  items  to  be  provided  for  per¬ 
sonnel  protection  include  safety  showers,  eye  wash  fountains,  and 
appropriately  located  first-aid  kits. 

All  operating  personnel  shall  be  thoroughly  familiar  with  the 
location  and  operation  of  each  piece  of  safety  equipment.  The 
operating  condition  of  the  equipment  must  be  verified  periodically. 


Personal  Protective  Equipment 

All  personnel  in  the  chlorine  pentaf luoride  handling  and  storage 
areas  shall  wear  flame-retardant  clothing  at  all  times.  In  addition, 
all  personnel  performing  propellant  transfer  operations  shall  wear 
fully  protective  personal  equipment.  If  the  operations  are  per¬ 
formed  remotely,  it  is  still  recommended  that  at  least  two  operating 
personnel  be  fully  protected  to  facilitate  proper  spill  and  fire 
control.  A  chlorine  pentaf luoride  vapor  detector  should  be  used 
to  determine  vapor  concentration  present  in  the  area  prior  to  removal 
of  protective  equipment . 
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The  following  items  of  personal  protective  equipment,  or  their 
equivalent,  have  been  used  with  satisfactory  results: 

1 .  Flame  retardant  coveralls  (worn  as  an  inner  garment) 

2.  Apron  (open  back)  or  rocket  fuel  handler's  coverall, 
406F-116,  DuPont  Armalen  (choice  of  outer  covering 
dependent  on  quantity  of  propellant  involved) 

3.  Neoprene-type  gloves 

4.  Hood,  406F-116  DuPont  Armalon  with  0.080-inch  methyl 
methacrylate  window 

5.  Neoprene-type  boots 

6.  Supplied  Air  Breathing  Apparatus  (SABA)  or  airline  res¬ 
pirator 


This  equipment  must  be  maintained  clean  and  in  good  operating 
order.  A  contaminated  suit,  for  example,  can  become  a  definite 
safety  hazard. 


NOTE:  The  preceding  equipment  recommendations 
are  based  only  on  their  commercial  availability 
and  previous  history  of  use.  Safety  equipment 
specifications  and  limitations  should  be  checked 
with  the  manufacturer  before  use.  In  general, 
protective  clothing  impermeable  to  fluorine  com¬ 
pounds  is  acceptable,  although  under  certain 
conditions  these  materials  may  react. 
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DECONTAMINATION 

Decontamination  involves  the  removal  of  chlorine  pentaf luoride , 
hydrofluoric  acid,  and  other  fluorides  following  a  propellant 
spill  or  fire,  and  the  deactivation  of  facility  equipment  pre¬ 
viously  exposed  to  chlorine  pentaf luoride.  Decontamination 
procedures  are  employed  to  protect  both  personnel  and  equipment. 
Personnel  performing  these  operations  shall  wear  the  full  pro¬ 
tective  equipment  described  in  the  Safety  Equipment  section. 

Area  Decontamination 

The  contaminants  remaining  from  a  chlorine  pentaf luoride  spill 
or  fire  are  hydrofluorio  acid,  solid  fluorides,  and  in  some  cases, 
liquid  chlorine  pentaf luoride.  Because  these  fluorine  compounds 
are  corrosive  and  toxic,  they  must  be  removed.  This  can  be  accom¬ 
plished  by  washing  the  area  with  copious  quantities  of  water. 

The  drained  water  in  turn  becomes  contaminated  and  must  be  dis¬ 
posed  of  as  stipulated  by  local  water  pollution  control  regulations. 

Equipment  Decontamination 

The  removal  of  a  component  from  a  chlorine  pentufluori.de  system 
must  bo  preceded  by  a  thorough  inert  gas  (dry)  purge  to  remove 
any  residual  propellant.  If  the  removed  component  is  to  be 
reused  without  service  or  modification,  no  further  decontamination 
operations  are  required;  otherwise,  the  removed  component  is 
purged  thoroughly  with  water  and  dried  by  purging  it  with  inert  gas. 


All  components  removed  from  a  chlorine  pentaf luoride  system  must 
be  labeled  clearly,  describing  the  extent  of  decontamination  and 
operational  status. 

Anjr  component  or  syetem  exposed  to  the  atmosphere,  water,  cleaning 
solvent,  etc.  must  undergo  cleaning  and  passivation  (described 
previously)  before  its  reuse  with  chlorine  pentaf luoride.  In 
addition,  as  shown  in  the  Ma+  ’ als , section,  the  prolonged  con- 
toco  of  chlorine  pentaflu  '•  ,r  fluoride  films  with  even  small 
amounts  of  moisture  will  -c .-»••  .t  ^n  excessive  corrosion  of  normally 
compatible  metals  and  potentially  hazardous  situations. 
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SECTION  6:  LOGISTICS 


6.1.1 


PRODUCTION 


The  first  synthesis  of  CIF^  was  accomplished  by  reaction  of  a 
fluorine,  chlorine,  and  nitrogen  mixture  in  glow-discharge 
apparatus  at  -80  C  (Ref.  l).  It  was  soon  found  that  only  chlorine 
and  fluorine  or  fluorine  and  chlorine  trifluoride  were  necessary 
and  sufficient  for  this  preparation;  however,  the  glow-discharge 
technique  did  not  provide  adequate  amounts  for  characterization. 
Rocketdyne  investigators  also  found  that  GIF,,  could  be  prepared 
through  a  variety  of  techniques  (Ref.  3).  Three  of  these  which 
were  used  success! •.  .. .•  are  described  below. 

Direct  combination  of  chlorine  and  fluorine  at  temperatures  up 
to  285  C  gives  C1F,.  at  moderate  pressures  (500  to  1500  psi). 

This  reaction  probably  proceeds  in  a  stepwise  process  in  the 
sequence: 

1/2  Cl2  +  1/2  F2  - ►CIF 

C1F  +  F2 - fcrCIFj 

C1F3  +  F2  - ►C1F5 

As  is  apparent  from  this  reaction  sequence,  C1F,.  can  also  be 

prepared  from  the  reaction  of  C1F,  with  F„. 

3  6 

‘l 

On  the  laboratory  scale,  a  convenient  method  for  preparing  C1F,. 
is  through  the  fluorination  of  an  allcali-metal  tetrafluorochlorate, 
MCIF^.  Cesium  tetrafluorochlorate  has  been  preferred  because  of 
favorable  equilibrium  and  handling  properties  when  working  on  a 
laboratory  scale. 


CbC1F4  +  f2- 


■CbF  +  C1F_ 
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This  reaction  has  several  advantages.  Only  one  condensable  gas¬ 
eous  product  is  produced,  making  purification  relatively  simple. 

The  CsCIF,  can  also  be  regenerated  with  C1F,  by  the  reaction: 
u  J 


CsF  +  C1F, 


CsCIF, 


In  addition  to  these  initial  techniques,  electrochemical  syn¬ 
thesis  of  CIF^  has  been  demonstrated  (Hef.  58  and  59)*  During 
these  studies,  both  the  HF-NnF-ClF^  system  and  the  HF-NaP-Cl^ 
(gas)  system  were  used  in  the  preparation  of  C1F,.. 


Although  detailed  information  on  the  present  production  techniques 
of  various  facilities  is  restricted,  the  methods  primarily  uti¬ 
lized  are  the  direct  combination  of  chlorine  or  chlorine  tri¬ 
fluoride  with  fluorine  (and  modifications  thereof).  The  develop¬ 
ment  and  operation  of  an  initial  pilot  plant,  employing  a  12  lb/day 
continuous-flow  process,  has  been  described  by  Ilocketdyne  (lief.  6). 


6.1.2  Availability 


Thus  far,  three  different  production  facilities.  Aerojet-General 
Corporation,  Allied  Chemical  Corporation,  and  Ilocketdyne,  are 
presently  capable  of  supplying  C1FK  in  quantities  of  several 

J 

thousand  pounds.  It  is  assumed  that  all  three  facilities  will 
continue  to  supply  GIF,,  in  the  future  at  rates  equivalent  to  the 
demands.  However,  it  is  apparent  that  future  requirements  will 
necessitate  expansion  of  all  present  facilities. 


6.1.3 


Cost 


The  initial  cost  (~  $200  to  $400  per  pound)  of  high-purity  C1F,_ 
reflected  the  cost  of  process  research  and  development.  During 
subsequent  procurements  of  larger  quantities,  the  cost  was 
reduced  $20  to  $30  per  pound.  An  appraisal  of  the  production 
process  indicates  that  the  eventually  obtainable  cost  of  GIF,. 
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will  be  comparable  to  that  of  liquid  fluorine  at  the  same  usage 
rates,  (Potential  cost\of  liquid  fluorine  at  high  usage  rates 
has  been  quoted  as  ~$1.00  per  pound.)  The  reduction  of  the  cur¬ 
rent  cost  to  that  projected  level  will  be  a  direct  function  of 
the  demand.  Cost  quotations  for  a  particular  quantity  over  a 
defined  period  should  be  obtained  from  the  suppliers. 


6.1.4  Propellant  Specification 

Although  there  is  no  present  government  specification  for  C1F,., 
a  formal  specification  is  being  prepared  by  the  Air  Force  Rocket 
Propulsion  Laboratory,  Edwards,  California.  This  specification 
will  designate  a  propellant  grade  purity  of  99+  weight  percent 
CIF^  for  procurement  purposes. 

6.1.5  Chemical  Analysis 

The  complete  chemical  analysis  of  CIF^  is  presently  conducted 
at  Rocketdyne  with  a  combination  of  two  techniques:  vapor 
phase  chromatography  and  infrared  spectrophotometry.  The  combi¬ 
nation  of  these  techniques  assays  for  1^,  HF,  GIF,  CF^,  SiF^, 

SF^,  FCIO^,  Clg.FClOg,  ClOg,  and  CiF^  present  in  CIF^.  The  pro¬ 
cedure  is  described  in  the  following  paragraphs. 


6. 1,5.1  Chromatographic  Analysis.  A  2-  to  5-gram  liquid  sample  of  C1F,. 
is  completely  vaporized  into  a  large-volume  cylinder  attached 
to  the  manifold  of  a  custom-built  chromatograph  (R-  f .  60)  that 
has  been  thoroughly  passivated  with  CIF^.  Sufficient  vapor  is 
admitted  into  the  chromatograph  to  develop  400  to  800  mm  Hg 
pressure  in  a  5-  or  10-cc  oomple  loop. 

The  vapor  is  separated  on  a  Halocarbon  gel  column  of  50  percent 
4-llv  Halocarbon  oil  on  40-60  mesh  low-density  Kel-F  molding 
powder  packed  in  30  feet  of  3/lO-in  l-diometer  stainless-steel 
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tubing.  T’.'e  components  are  eluted  from  the  column  in  the  fol¬ 
lowing  order;  (0^  +  N0  +  +  CF^  +  SiF^),  SF^,  C1F,  FCIO^, 

Cl2,  (FC102  +  C102),  CIF^,  and  C1F,,.  From  the  chromatogram, 
the  mole  percentage  of  the  individual  components,  the  sum  of 

F_  +  CF,  +  SiF,  and  the  sum  of  FC10o  +  C10o  can  be  calculated. 
2  4  a  Z  j. 


6, 1.5. 2  Infrared  Analysis.  Part  of  the  originally  vaporized  sample  is 

introduced,  usually  at  a  pressure  of  75  mm  Iig,  into  a  5-centimete 
Monel  gas  cell  fitted  with  silver  chloride  windows.  Using  the 
infrared  absorption  curve,  the  mole  percentages  of  CF^,  FClOg, 
and  SiF^  can  be  calculated  from  the  absorption  bands  at  7-75, 
7.95,  and  9*7  microns,  respectively. 

A  third  portion  of  the  sample  is  introduced  into  a  7.5-centimeter 
Monel  cell  fitted  with  calcium  fluoride  windows  to  a  pressure  of 
500  to  750  mm  Iig.  The  spectrum  from  2700  to  2500  millimicrons 
is  scanned.  The  absorption  peak  of  HF  at  2575  millimicrons  is 
measured  and  the  mole  percentage  of  IIF  is  calculated  using  a 
Beers-Lambert  calibration  plot  of  anhydrous  UF  vapor. 


6. 1.5. 3  Typical  Analysis.  A  typical  chemical  analysis  of  the  material 


produced  in  the  Rocketdyne  ClI^  production  plant  is  presented 
in  Table  7* 
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TABLE  7 

TYPICAL  ASSAY  OF  CHLORINE  PENTAFLUOItIDE 

LOG  #  6-4-500 

CERTIFICATE  OF  ANALYSIS 
FLUORIDYNE 


CONSIGNEE 


CYLINDER  NO.  W  1481 _  DATE _ 5/5/66 

LOT’  NO.  42 _ 


WEIGHT  PERCENT 


ASSAY  (MINIRUM) 

99.4+ 

HYDROGEN  FLUORIDE 

0.3 

CHLORINE  MONOFLUORIDE 

0.03 

CHLORINE 

<  0.02 

CIILORINE  DIOXIDE 

0.09 

CHLORINE  Till  FLUORIDE 

0.06 

PERCHLORYL  FLUORIDE 

<  0.02 

NON  CONDENSABLES  (aa  Fg) 

0.04 

GROSS  410  LBS. 


TARE  195  LBS. 

QUANTITY  215  LBS . 


'25 


CONK 


Q.C.  NO 
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TRANSPORTAT I ON 

Shipment  oi’  chlorine  pentaf  luonde  by  common  carrier  is  author¬ 
ized  by  the  Interstate  Commerce  Commission  (ICC)  which  classi¬ 
fies  GIF,,  as  a  "Corrosive  Liquid,"  It  also  has  an  "NOS"  (not 
otherwise  specified)  designation.  In  transit,  cylinders  are 
marked  as  Compound  A,  Corrosive  Liquid,  and  Flammable  Liquid 
Only  and  must  be  affixed  with  an  ICC-approved  WHITE  label. 

Highway  vehicles  carrying  2500  pounds  or  more  of  C1F,.  must  be 
identified  with  "Dangerous"  placards  in  letters  at  least  3  inc'  es 
high  on  a  contrasting  background. 

Chlorine  pentafluoride  has  been  shipped  under  its  own  vapor 
pressure  in  a  variety  of  different  sized  cylinders  in  quantities 
ranging  from  a  few  grams  to  165  pounds  (ICC  3AA  2400)  per  <  ‘rlin- 
der;  these  cylinders  are  equipped  with  one  shutoff  valve.  Even¬ 
tually,  it  is  antici  •  .ted  that  larger  cylinders,  equipped  with 
both  vapor  and  liquid  shutoff  valves,  will  be  approved  and  uti¬ 
lized.  At  present,  the  ICC  specifications  applicable  to  the 
shipping  cylinders  have  been  authorized  under  ICC  special  per¬ 
mits  obtained  in  accordance  with  Agent  T.  C.  George's  Tariff 
No.  15,  "Interstate  Commerce  Commission  Regulations  for  Trans¬ 
portation  of  Explosives  and  Other  Dangerous  Articles  by  Land 
and  Water  in  Rail  Freight,  Service  and  By  Motor  Vehicle  (Highway) 
and  Water."  These  special  permits  are  granted  to  the  individual 
uppliers  by  the  ICC  Bureau  of  Operations  and  Compliance,  Wash¬ 
ington,  D.  C.,  20423.  The  applicable  shipping  cylinder  specifi¬ 
cations  relative  to  each  shipment  should  be  obtained  from  the 
supplier  pr^or  to  delivery. 
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STORAGE 


Storabilitv  Test  Analysis 


There  have  been  several  studies  conducted  to  establish  the 
storability  of  ClI'V  under  various  conditions.  These  tests  and 
their  results  are  characterized  in  Table  8. 


Thermal  Stability  and  Equilibrium  Analysis 

In  addition  to  basic  thermal  stability  data  developed  during 
the  high-temperature  storability  tests,  materials  compatibility 
tests,  and  physical  property  measurements,  the  thermal  stability 
characterization  of  C1F,.  was  attempted  through  the  use  of  the 
standard  JA.NAF  thermal  stability  apparatus  (Ref.  <>).  Each  test, 
which  involved  heating  of  the  C 1 sample  at  a  rate  of  20  F/min- 
ute,  was  terminated  at  approximately  680  F  by  the  rupture  of  a 
5300-psi  burst  diaphragm  in  the  apparatus.  Although  there  was 
no  detectable  evidence  of  decomposition  of  0  1  (by  AT  •  usure- 
meijts  between  the  heating  bath  temperature  -ample  >eru- 

tui  ■  ,  during  three  tests,  it  should  be  noted  that  sma  at 

effects  are  not  detected  by  this  relatively  crude  ap  us. 

The  data  obtained  during  the  thermal  cquil  brium  st-  s  subse¬ 
quently  discussed,  provide  a  more  accurate  knowledg  jf 
thermal  stability. 


%  . 

Jik  «| 


4V 

t,  y 


Early  in  the  synthesis  of  C1F,. 


s  apparent  that  dissocia¬ 


tion  of  C1F„  occurs  at  elevated  temperatures.  Accordingly,  a 
5 

study  was  undertaken  (Ref.  8)  to  ascertain  the  nature  of  the 
dissocial, jcu  and  measure  the  temperature  dependence  of  the  equi 
librium  cons  .  .nt.  Studies  were  conducted  in  the  range  210  to 
270  C  (410  to  518  F).  For  the  reaction 


cif,  <  r2 


CQNFIDEN 


MSS*. 
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the  equilibrium  constant,  Kp,  is  best  expressed  over  this  range 
by  the  equation 

log  K  (atm-1)  -  -  9.25 

It  was  significant  that  no  dissociation  of  GIF,.  was  observed 
ut  165  C  (329  F),  well  above  the  critical  temperature  of 
14  3  to. 5  C  (289-/i  ±0.9  F) .  Either  the  noted  equilibrium  con¬ 
stant,  determined  over  the  higher  temperature  range,  cannot  be 
extrapolated  to  lower  temperatures  or,  more  probably,  the 
decomposition  rate  at  165  C  (329  P)  is  extremely  slow. 


General  Storage  Requirements 

From  the  available  storability  and  thermal  stability  data  it  is 
obvious  that  GIF,,  may  be  stored  safely  under  prevailing  ambient 
temperatures  for  long  periods  of  time  provided  the  storage  sys¬ 
tem  is  fabricated  from  compatible  materials,  properly  cleaned 
and  passivated,  and  kept  free  of  moisture  (ard/or  other  contami¬ 
nation)  and  excessive  heat.  Although  storage  data  have  been 
limited  to  periods  of  <  2  years,  it  is  anticipated  (based  on 
the  apparent  inherent  stability  of  C1F_  and  extrapolated  materials 
compatibility  data)  that  Cll-'  may  be  stored  for  periods  of 
several  years  without  adverse  effects  on  either  the  propellant  or 
material.  Future  analyses  of  longer-term  storage  tests  cur¬ 
rently  in  progress  will  provide  additional  data  relative  to 
potential  time  limitations. 

The  shipping  containers  in  which  the  propellant  is  received  are 
satisfactory  for  storage.  However,  frequent  inspection  of  the 
valves  and  fittings  is  mandatory  because  of  the  corrosive  nature 
of  the  propellant.  These  cylinders  must  bo  located  in  a  desig¬ 
nated  safe  storage  area  and  positioned  so  that  they  are  secured 
against  rolling  or  being  inadvertently  tipped  ever.  This  can 
be  accomplished  by  placing  them  in  cradles  or  by  securing  them 
in  a  vertical  position  with  chains  and  individual  cylinder  supports. 
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Storage  of  CIF^  in  containers  other  than  the  shipping  cylinders 
can  be  effected  in  tankB  fabricated  of  compatible  materials 
(i.e»,  stainless  steels,  aluminum  alloys,  Monels,  etc,),  pro¬ 
vided  they  are  properly  designed,  fabricated,  cleaned,  and 
passivated  prior  to  use. 
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HANDLING 

Chlorine  pentafluoride  handling  operations,  as  described  herein, 
include  generalized  recommended  handling  techniques  for  the 
unloading  of  the  shipping  cylinders,  loading  of  storage  tanks, 
venting,  and  disposal  operations.  All  other  handling  operations 
are  specific  to  particular  systems  and  cannot  be  treated  with 
generalized  criteria.  Personnel  performing  handling  operations 
must  wear  fully  protective  equipment  described  in  the  SAFETY 
EQUIPMENT  action.  Another  activity  closely  associated  with 
the  above  functions  is  the  handling  of  the  shipping  cylinders. 
The  shipping  cylinders  can  be  handled  safely  without  the  need 
of  fully  protective  equipment. 


Handling  of  Shipping  Cylinders 

The  shipping  cylinders  must  be  handled  with  extreme  care.  The 
cylinder  shutoff  valve(s)  cap(s)  must  be  installed  at  all  times 
during  cylinder  handling  operations. 

The  cylinders  may  be  transferred  by  means  of  any  piece  of 
equipment  capable  of  handling  them  safely.  While  in  transfer, 
the  cylinders  must  be  firmly  secured. 

Soornge  of  the  shipping  cylinders  should  be  restricted  to  those 
areas  specifically  designated  for  this  purpose.  The  condition 
of  each  cylinder  (full,  empty,  contaminated,  etc.)  must  be 
marked  clearly. 


Transfer  of  Chlorine  Pentafluoride  from 
Shipping  Cylinders 

Chlorine  pentafluoride  can  be  discharged  from  its  storage  con¬ 
tainer  either  by  its  c-w'  vapor  pressure,  by  pressurizing  the 
container  with  dry  nitrogen  cr  helium,  or  by  connecting  u 
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transfer  pump  in  the  container  discharge  line.  Inert  gas  pres¬ 
surization  is  used  almost  exclusively  at  the  present  time  for 
unloading  large  cylinders  because  this  technique  is  extremely  3 

reliable.  The  transfer  pump  technique  is  practical  when  large 
quantities  of  the  propellant  must  be  transferred  in  a  relatively  -j 

short  period  of  time.  Vapor  pressure  unloading  is  used  pri-  j 

marily  in  the  transfer  of  small  quantities  and  is  impractical  ' 

in  the  handling  of  large  propellant  quantities.  J 

j 


The  propellant  transfer  system  must  be  chemically  compatible 
with  the  propellant,  leakproof,  and  in  excellent  operating 
order.  The  complete  system  must  also  be  passivated  immediately 
prior  to  the  commencement  of  complete  flow  conditions. 

In  preparing  for  a  transfer  operation,  all  personnel  not 
directly  concerned  with  the  operation  shall  evacuate  the  hazard, 
area.  Appropriate  warning  lights  and  signs  shall  be  displayed 
+o  keep  out  unauthorized  personnel. 

Pcruonre'  p'*rformin  •  the  transfer  operation  shall  v°ar  the 
full*,  p-otective  .pment  described  in  the  Safety  Equipment 
seev  ‘in.  If  the  rations  are  performed  remotely,  at  least 
two  operating  oeroonnei  should  be  folly  dressed  to  facil  ate 
proper  spill  a,  .i  fire  c<  itrol .  Sufficient  safety  equipment 
should  be  available  for  u-1  personnel  allowed  to  renain  in 
the  hazard  t. -na 

Supervisory  and  emergency  support  personnel  shall  be  notified 
prior  +o  executing  viy  hazardous  operation  in  the  storage  area. 

The  propel! unt  transfer  procedures  are  dependent  upon  numerous 
factors  such  as  transfer  system  design,  type  of  propellant 
conujiaer,  training  of  operating  personnel,  prevailing  weather 
conuit;jne,  e+c  Establishing  proper  operating  procedures  for 
each  pecific  situation  in  a  single  document  i’  not  feasible. 
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p  Therefore,  the  procedures  presented  in  the  following  parn- 

J 

|  graphs  are  general  in  nature.  The  transfer  system  schematics 

t  presented  (Fig.  11  through  13)  are  not  finalized  designs; 

they  sie  provided  only  to  facilitate  the  explanation  of  typical 
procf."!’ .  es. 

\ 

[ 

)  6. 4. 2.1  Transfer  From  Single-Opening  Containers.  The  currently  avail¬ 

able  C1F_  cylinders  are  single-opening  containers  in  which 

i  only  one  opening  is  available  to  perform  the  propellant  trans- 

\ 

for  operation.  The  opening  is  sealed  by  a  compatible  shutoff 

: 

valve,  which  in  turn  is  protected  by  a  gas-tight  cap.  These 
B  cylinders  are  not  equipped  with  dip  tubes  and  us  such  should 

I  be  avoided  because  they  present  additional  propellant  transfer 

complexity. 

The  propellant  can  be  transferred  from  these  cylinders  by  pre- 
pressurizing  the  cylinders  with  dry  nitrogen  prior  to  the 
transfer,  or  by  allowing  the  propellant  to  flow  under  its  own 
vapor  pressure.  The  vapor  transfer  technique  is  inefficient, 
and  in  some  coses,  impossible,  unless  the  collecting  tank  is 
cooled.  Therefore,  the  prepressurization  technique  is  recom¬ 
mended  for  most  operations  involving  single-opening  cylinders. 

|  The  prepressurization  of  the  cylinder  with  dry  nitrogen  can 

|  bo  accomplished  ns  follows: 

I 

1.  Remove  the  protective  cap  from  the  cylinder  shutoff 
valve. 

| 

J  2.  Connect  a  clean,  regulated,  dry-nitrogen  supply  line 

to  the  shutoff  valve  of  the  cylinder. 


134 

CONFIDENTIAL 


"«Y 


CONFIDENTIAL 


3.  Regulate  the  pressure  supply  to  the  desired  value. 

The  regulated  pressure  level  determines  the  rate  of 
propellant  transfer.  A  value  of  approximately  100  psig 
is  usually  adequate.  The  pressure  should  never  exceed 
10  psig  less  than  the  cylinder  design  pressure. 

4.  Open  the  pressure  supply  shutoff  valve. 

5.  SI ok) y  open  the  cylinder  shutoff  valve. 

6.  When  the  cylinder  pressure  equalizes  the  regulated 
source  pressure,  clr  .a  the  supply  and  cylinder  shutoff 
valves . 


NOTE:  Two  basic  techniques  can  be  used  to  determine 
when  pressure  equalization  is  attained.  First,  the 
noise  generated  by  the  gas  flow  through  the  pressur¬ 
izing  line  ceases.  Second,  the  regulated  pressure 
gage  registers  the  regulated  pressure  value  prior  to 
gas  flow. 

7.  Bleed  the  trapped  gas  between  the  two  shutoff  valves 
by  opening  the  transfer-line  bleed  valve. 

8.  Disconnect  the  pressurizing  line  from  the  cylinder 
shutoff  valve. 

9*  Cap  the  opened  connections  to  prevent  contamination. 


The  transfer  of  CIF^  from  the  pressurized  cylinder  to  the  stor¬ 
age  tank  (Fig.  11  )  can  be  performed  as  follows: 

1.  Turn  the  cylinder  upside  down  and  place  it  in  a  trans¬ 
fer  cradle ,  The  cylinder  must  be  properly  secured  and 
carw  must  be  exercised  to  prevent  damage  to  the  cylin¬ 
der  shutoff  valve. 

2.  Connect  the  cylinder  shutoff  valve  to  the  propellant 
transfer  system  os  shown  in  Fig.  11. 

3.  Close  all  system  valves  except  valve  No.  6  which  must 
be  maintained  open.  The  purpose  of  valve  No.  6  is  to 
prevent  the  continuous  escape  of  C1F,-  in  case  of 
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SYMBOLS 
- jX} — VALVE 


—JP— BURST  DIAPHRAGM 


Figure  11,  Transfer  of  Chlorine  Pentaf luoride  Prom 
Pressurized  Single-Opening  Cylinders 


CONFIDENTIAL 

burst-diaphragm  failure  and  to  facilitate  the  removal 
of  the  burst  diaphragm  whenever  required. 

4.  Purge  the  propellant  transfer  line  to  remove  any 

residual  trapped  water  vapor.  This  is  accomplished 
by  opening  valves  No.  3  and  1.  When  the  purge  opera¬ 
tion  is  completed  (approximately  3  minutes),  do ne  ' 

valves  No .  3  and  1 . 

5.  Open  valve  No.  2  slowly  and  check  for  leaks.  If  a 
leak  develops,  close  the  valve,  open  valve  No.  1,  and 
take  the  action  necessary  to  stop  the  leak.  (Valve 
No.  1  must  be  closed  and  valve  No.  2  opened  before 
proceeding  with  Step  6.) 

6.  Open  valve  No.  4. 

?.  After  valves  No.  2  and  4  have  been  opened,  the  propel¬ 
lant  flows  from  the  cylinder  into  the  storage  tank 
until  the  liquid  in  the  cylinder  is  depleted  or  the 
pressure  in  the  two  containers  equalizes.  If  the 

pressure  in  the  two  containers  equalizes,  close  valve  '■< 

No.  4,  and  open  valve  No.  j  momentarily  to  depressur¬ 
ize  the  storage  tank.  The  flow  can  be  resumed  by 
reopening  valve  No.  4. 

8.  When  the  desired  quantity  or  all  of  the  available  pro¬ 
pellant  has  been  transferred,  close  valves  No.  2  and  4. 

NOit-.  There  are  several  devices  that  can  be  used  to 
detect  the  completion  of  the  propellant  transfer  oper¬ 
ation.  Combinations  of  two  or  more  devices  are  ’’sually 
required  to  provide  the  desired  flexibility  of  rhe 
transfer  system.  Some  of  these  devices  aret 

a.  A  flowmeter  installed  in  the-  transfer  line 

b.  A  scale  or  other  weight-oensing  device  attached 
to  the  container  being  unloaded 

c.  A  calibrated  level  indicator  mounted  on  the 
storage  tank 

9.  Purge  the  transfer  line  thoroughly  by  opening  valves 
No.  1  and  3.  When  the  purging  operation  is  completed 
(approximately  3  to  5  minutes),  close  valves  No.  3  and  1. 
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10.  Depressurize  the  storage  tank  to  a  safe,  positive 
pressure  level  by  opening  valve  No.  5  mosientarily . 

11.  Disconnect  the  cvlinder  shutoff  valve  from  the  trans¬ 
fer  system  and  cap  the  opened  components. 

12.  Turn  the  cylinder  to  the  upright  position,  mark  it 
adequately,  and  dispose  of  it  according  to  operating 
procedures . 

13.  Notify  all  personnel  concerned  that  the  transfer  oper¬ 
ation  is  completed  and  the  area  is  clear. 


Transfer  From  Double-Opening  Containers.  At  the  present  time, 
there  are  no  double -opening  shipping  containers  in  C1F,.  service; 
however,  the  eventual  use  of  cylinders  similar  to  the  1-ton  C1F, 
cylinders  is  assureji.  The  operation  of  these  cylinders  in  CIF^ 
service  will  be  identical.  The  1-ton  CIF^.  shipping  cylinder  is 
a  double-opening  container  and  is  equipped  with  two  shutoff 
valves.  During  transfer  operations,  one  opening  can  be  used  to 
pressurize  or  vent  the  container  and  the  other  opening  to  dis¬ 
charge  the  propellant. 


The  propellant  can  be  discharged  from  the  shipping  container 
either  by  pressurizing  the  container  with  dry  nitrogen  or  by 
connecting  a  transfer  pump  in  the  product  discharge  line. 
Although  the  pressurization  unloading  technique  has  been  used 
nearly  exclusively  in  the  past,  procedures  for  both  transfer 
techniques  are  discuusod  in  detail  below. 


Pressurization  Unloading.  As  mentioned  previously,  the 
transfer  of  liquid  C1F,.  from  shipping  containers  can  be  performed 
reliably  by  pressurizing  the  containers  with  dry  nitrogen.  The 
following  procedure  is  basically  applicable  to  the  transfer  of 
the  propellant  from  double-opening  containers  into  a  storage 
tank  using  gas  pressurization. 
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1.  Place  the  1-ton  cylinder  in  the  horizontal  position 
with  the  shutoff  valves  aligned  with  the  vertical 
centerline  axis. 

2.  Remove  the  protective  cap  from  the  cylinder  and  connect 
the  cylinder  shutoff  valves  to  the  transfer  system  as 
shown  in  Fig.  12  .  When  the  cylinder  is  positioned 
according  to  Step  1,  above,  the  upper  shutoff  valve  is 
connected  to  the  regulated  pressure  supply,  and  the 
lower  shutoff  valve  is  connected  to  the  transfer  line. 

3.  Ensure  that  all  system  valves  are  closed  except  valve 
No.  9  which  must  be  maintained  open.  The  purpose  of 
valve  Vo.  9  is  to  prevent  the  continuous  escape  of  CIF^ 
in  case  of  burst-diaphragm  failure  and  to  facilitate 
the  replacement  of  the  burst  diaphragm  whenever  required. 

4.  Set  the  dry  nitrogen  regulator  to  the  desired  pressure 
level.  This  pressure  level  determines  the  propellant 
discharge  flow.  A  value  of  ~  100  psig  is  usually 
adequate.  The  pressure  should  never  exceed  10  psig 
less  than  the  container  design  pressure. 

5.  Purge  the  propellant  lines  to  remove  residual  trapped 
water  vapor.  This  can  be  accomplished  as  follows: 

a.  Open  valves  No.  4  and  7,  ana  purge  for 
approximately  3  minutes 

b.  Close  valve  No.  ^  and  4 

c.  Open  valves  No.  5  and  2,  and  purge  for  approxi¬ 
mately  3  minutes 

d.  Close  valves  No.  2  and  3 

6.  Open  valve  No.  5  and  check  for  leaks.  If  a  leak 
develops,  close  the  valve,  open  valve  No.  4,  and  take 
the  necessary  action  to  stop  the  leak.  (Valve  Vo.  4 
must  be  closed  and  valve  No.  5  opened  before  proceed¬ 
ing  with  Step  7.) 
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7*  Open  valve  No.  6 

8.  Establish  the  propellant  flow  by  pressurizing  the  C1F,. 
cylinder.  This  is  Accomplished  by  opening  valves  No.  1 
and  2.  A  propellant  How  is  experienced  until  the 
liquid  in  the  shipping  container  is  depleted  or  the 
pressure  in  the  two  containers  equalizes.  If  the  pres¬ 
sure  in  the  two  containers  equalizes,  close  valves  No.  2 
and  6,  and  open  valve  No.  8  momentarily.  The  flow  con  be 
resumed  by  reopening  valves  No.  6  and  2. 

9.  When  the  desired  quantity  or  all  of  the  available  pro¬ 
pellant  has  been  transferred,  close  valves  No.  2  and  5* 

NOTE!  There  are  several  devices  which  can  be 
used  to  deteot  the  completion  of  the  propellant 
transfer  operation.  Combinations  of  two  or  more 
devices  are  usually  required  to  provide  the  deBired 
transfer  system  flexibility,  Some  of  these  devices 
are! 

a.  A  flowmeter  installed  in  the  transfer  line 

b.  A  scale  or  other  weight-sensing  device  attached 
to  the  container  being  unloaded 

c.  A  calibrated  level  indicator  mounted  on  the 
storage  container 

10.  Depressurize  the  shipping  container  by  opening  valyo 
No.  3.  When  the  container  is  depr >ssurized,  close 
valves  No,  1  and  3. 

11.  Close  valvo  No.  6  and  purge  the  transfer  line  by  open¬ 
ing  valves  No,  4  and  7.  When  the  transfer  line  is 
properly  purged  (usually  3  to  3  minutos  at  a  pressure 
level  of  approximately  50  psig),  close  vnlvos  No.  7 
and  4. 

12.  Depressurize  the  storage  container  by  opening  valvo 
No.  8  for  a  short  period  of  time. 

13.  DiBconnoct  the  shipping  cylindor  shutoff  valves  from 
the  transfer  system  and  cap  the  opened  components. 

14.  Mark  and  dispose  of  the  shinping  container  according 
to  operating  procedures. 
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15.  Notify  all  personnel  concerned  that  the  transfer 
operation  is  completed  and  the  area  clear. 


6.'t.2.2.2  Transfer  Pump  Unloading.  As  mentioned  previously,  pump 

unloading  is  a  potential  alternate  method  of  transferring 
C1F,.  from  the  shipping  cylinders  into  storage  tanks.  This 
technique  is  highly  applicable  when  large  quantities  of  the 
propellant  must  be  transferred  in  a  relatively  short  period 
of  time. 

The  following  procedure  is  basically  applicable  to  the 
potential  transfer  of  C1F,.  from  0  "1-ton"  type  shipping 
cylinder  into  a  storage  tank  by  means  of  a  transfer  pumps 

1.  Place  the  shipping  cylinder  in  a  horizontal  posi¬ 
tion  with  the  shutoff  valves  aligned  with  the 
vertical  centerline  axis. 

2.  Remove  the  cylinder  protective  cap  and  connect 
the  cylinder  shutoff  valves  to  the  transfer  sys¬ 
tem  as  shown  in  Pip.  13.  With  the  cylinder  posi¬ 
tioned  according  to  Step  1,  above,  the  upper 
shutoff  valve  is  connected  to  the  vapor-return 
lino  and  the  lower  shutoff  valve  is  connected 

to  the  transfer  lino. 

3.  Ensure  that  all  system  valves  arc  closed,  except 
valves  No.  11  and  7,  which  must  be  opened.  The 
objective  of  valve  No.  11  is  to  prevent  the  con¬ 
tinuous  escape  of  C1F,.  in  case  of  burst-diaphragm 
failure  and  to  facilitate  the  removal  of  tho  burst 
diaphragm  whomever  required.  Valve  No.  7  prevents 
pump  damage  caused  by  overpressures  resulting  from 
the  possible  vaporization  and  expansion  of  trapped 
propellant  in  the  pump. 
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4.  Set  the  dry  nitroger  i»gu;  t-_-  he  desired 

pressure  level.  A  value  r  '»m  00  to  ?0 

psig  should  be  adequate 

5.  .Purge  the  propellant  line.,  j  remove  trapped 
water  vapor,  This  can  be  accoup  ished  as  follows; 

a.  Close  valve  No.  ?. 

b.  Open  valves  No.  3<  5,  and  6,  and  purge  for 
approximately  3  minutes, 

c.  Close  valves  No.  6,  5,  and  J>. 

d.  Open  valves  No.  2,  8,  and  6,  and  purge  for 
approximately  3  minutes. 

e.  Close  valves  No.  6,  8,  and  2. 

f.  Open  valve  No.  7* 

6.  Pressurize  the  C1F,.  cylinder  to  permit  the  proper 
priming  of  the  transfer  pump,  if  required.  This 
is  accomplished  as  follows; 

a.  Close  valve  No.  7. 

b.  Open  valves  No.  1,  8,  and  6. 

c.  When  the  gas  flow  stops,  close  valves  No.  6, 

6,  and  1, 

d.  Open  valve  No.  7» 

7.  Open  valve  No,  4  and  check  for  leaks.  If  a 

leak  develops,  close  the  valve,  open  valve  No.  3> 
and  take  the  necessary  action  to  stop  the  leak. 
(Valve  No,  3  must  be  closed  and  valve  No.  4  opened 
before  proceeding  with  Step  8.) 

8.  Open  valve  No.  3  and  check  for  leaks.  If  a  leak 
develops,  close  valves  No.  5  and  7,  open  valves 
No.  8  and  2,  and  take  the  action  necessary  to 
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stop  the  leak.  (Valves  No.  2  and  8  must  be 
closed  and  valves  No.  5  and  7  opened  before 
proceeding  with  Step  9.) 

9.  Open  valve  No.  1. 

10.  Start  the  transfer  pump  and  open  valve  No.  9. 

A  closed-loop  pump  transfer  operation  is  thus 
established. 

11.  When  the  desired  quantity  or  all  of  the  available 
propellant  have  been  transferred,  stop  the  trans¬ 
fer  pump  and  close  valve  No.  7. 

NOTE:  There  are  several  devices  which  can  be 
used  to  detect  the  completion  of  the  propel¬ 
lant  transfer  operation.  Combinations  of  two 
or  more  devices  are  usually  required  to  pro¬ 
vide  the  desired  transfer  system  flexibility. 

Some  of  these  devices  are: 

a.  A  flowmeter  installed  in  the  transfer  line 

b.  A  scale  or  other  weight-sensing  device 
attached  to  the  container  being  unloaded 

c.  A  calibrated  level  indicator  mounted  on 
the  storage  tank 

12.  Close  valve  No.  9  and  depressurize  the  shipping 
cylinder  by  opening  valve  No.  2.  When  the  con¬ 
tainer  is  depressurized,  close  valve  No.  2, 

13.  Depressurize  the  storage  tank  by  opening  valve 
No.  10  for  u  short  period  of  time, 

14.  Purge  the  propellant  transfer  line  as  fellows: 

a.  Open  valve  No.  6  for  about  2  to  3  minutes 
or  until  the  gas  flow  stops, 

b.  Close  valve  No.  6. 

c.  Close  valve  No.  4. 

d.  Open  valves  No,  3  and  6,  and  purge  the  line 
for  approximately  3  to  5  minutc-s, 

e.  Close  valves  No.  6,  5,  and  3. 
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15-  Depressurize  the  shipping  cylinder  by  opening 

valve  No.  2.  When  the  cylinder  is  depressurized, 
close  valves  No.  1  and  2. 

16.  Purge  the  vapor-return  line  as  follows: 

a.  Open  valves  No.  2*  8,  and  6,  and  purge  for 
approximately  3  to  5  minutes. 

b.  Close  valves  No.  6,  8,  and  2. 

17.  Open  valve  No.  7. 

18.  Disconnect  the  shipping  cylinder  Bhutoff  valves 
from  the  transfer  system  and  cap  the  opened 
components. 

19.  Mark  and  dispose  of  the  shipping  cylinder  accord¬ 
ing  to  operating  procedures. 

20.  Notify  all  personnel  concerned  that  the  transfer 
operation  is  completed  and  the  area  clear. 


6.4.3 


Venting 

The  frequent  depressurization  of  C1F,_  containers  is  neces¬ 
sary  during  handling  and  test  operations.  In  this  opera¬ 
tion,  a  considerable  amount  of  vapor  is  released  which 
must  be  handled  safely.  Two  basic  methods  can  be  used 
for  handling  the  propellant  vapor.  These  methods  are: 


1.  The  transfer  system  vent  lines  are  connected  to 
a  scrubber  system  which  removes  the  propellant 
vapor  from  the  vented  gases.  Many  types  of 
scrubbers  and  solutions  for  absorbing  tho  propel 
lant  can  be  used. 
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2.  Tho  transfer  system  vent  lines  are  connected  to 
a  vent  stack  which  discharges  the  vented  gnsc9 
at  least  60  feet  above  the  highest  working  point 
in  the  area.  A  low-pressure  nitrogen  purge  can 
be  installed  in  the  stack  to  further  dilute  the 
vented  propellant  vapor  before  being  discharged 
into  the  atmosphere. 

Chlorine  pentaf luoride  containers  should  be  vented  only 
under  controlled  conditions.  These  conditions  are  depen¬ 
dent  upon  area  location,  weather  conditions,  etc. 


Disposal 

Disposal  involves  the  controlled  release  of  CIF^.  from  a 
shipping  or  storage  container  into  a  system  capable  of 
disposing  of  the  propellant  Bafely.  Military  regulations, 
at  the  present  time  limit  the  disposal  of  similar  propel¬ 
lants  to  a  maximum  of  1GU0  pounds  for  any  one  disposal 
operation. 

The  following  items  are  essential  for  the  proper  selection 
and  safe  operation  of  the  C1F,.  disposal  area: 

1.  The  disposal  area  shall  be  adequately  isolated. 

2.  The  disposal  area  shall  be  clear  of  trees,  weeds, 
brush,  and  other  combustibles. 

3.  The  area  must  bo  provided  with  adequate  facility 
safety  equipment  (refer  to  Safety  Equipment 
section), 

4.  One  person  shall  never  be  allowed  to  work  in  the 
disposal  area  alone. 
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5.  The  personal  safety  equipment  which  was  described 
in  the  Safety  Equipment  section  must  be  worn  dur¬ 
ing  disposal  operations. 

6.  All  personnel  not  participating  in  the  disposal 
operation  shall  evacuate  the  area. 

7.  Disposal  operations  shall  be  performed  only  under 
controlled  conditions.  These  conditions  are  depei. 
dent  upon  area  location,  weather  conditions,  etc. 

The  following  methods  can  be  employed  to  dispose  of  C1F,.: 

1.  The  slow  release  of  the  propellant  through  a  high 
vent  stack.  The  outlet  should  be  at  least  60 
feet  above  the  disposal  area.  A  dry  nitrogen 
purge  must  be  installed  in  the  stack  to  dilute 
the  propellant  vapor  before  being  exhausted  into 
the  atmosphere. 

2.  The  controlled  burning  of  C1F,-  by  the  use  of  a 
fuel  such  as  alcohol  or  kerosene.  This  is  accom¬ 
plished  by  placing  a  quantity  of  fuel  approxi¬ 
mately  equal  to  the  quantity  of  C1F,.  to  be  dis¬ 
posed  of  into  a  burn  basin.  The  oxidizer  is  then 
fed  slowly  into  the  burn  basin  and  allowed  to 
react  with  the  fuel.  For  thiB  operation,  the 
ClFr  supply  tank  should  be  located  at  least  50 
feet  from  the  burn  basin. 
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